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Abstract 
Background: The Ministry of Health in Saudi Arabia estimates that there are at 
least 20,000 strokes per year across the country (126/100,000) and approximately 
half of those with stroke may develop cognitive dysfunction or mood disorders. 
However, a review of the literature revealed that research in the area of post-stroke 
cognitive dysfunction and mood disorders in the Kingdom of Saudi Arabia (KSA) is 
severely lacking. Accordingly, these studies aimed to bridge the knowledge gap 
with an emphasis on three central aspects. The first aim was to assess the 
prevalence of post-stroke cognitive dysfunctions in the KSA population using 
neuropsychological tests. The second aim was to assess the prevalence of post-
stroke mood disorders in the KSA using self-report scales. The third aim was to 
evaluate the relationship between cognitive dysfunctions and mood disorders.  
Method: Observational methods were used to collect descriptive information about 
the prevalence of cognitive dysfunctions and mood disorders in the Saudi 
population. Participants were recruited from three medical centres in the KSA: King 
Abdulaziz Medical City, King Fahad Medical City, and Sultan Bin Abdulaziz 
Humanitarian City. The target sample was age 18 years and above who were 
diagnosed by neurologists with ischemic or haemorrhagic stroke according to CT-
scan results, and who were at least one month post first-ever stroke, and either 
attending  out-patient clinics or admitted to medical centre. Participants were 
excluded from the study sample if they satisfied any the following conditions: 
severe dementia; sever aphasia; chronic psychiatric or other concurrent 
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neurological disorders; a known history of alcohol or drug abuse; blindness or 
deafness; participant non Saudi citizen; an inability to speak or understand Arabic; 
or medically unstable. 
Results: For the empirical investigation, 76 men and 24 women were recruited 
(mean age 60.53 ± 11.26 years). Of these, 52% had deficits of 
orientation/attention, 55% of memory, 36% of fluency, 46% of language, 26% of 
visuospatial ability, 35.7% of visual neglect, 58.4% of visual-motor skills, 69% of 
executive function, and 52% had overall cognitive impairment, 36% had anxiety 
and 44% had depression after stroke. The results confirmed a strong relationship 
between cognitive dysfunctions and mood disorders. However, from the regression 
model, it was found that „literacy‟ (literate vs. illiterate), „time since stroke‟ (≤ 6 vs. ≥ 
7 months), „fluency impairment‟ and „memory impairment‟ were significant 
predictors of the severity of anxiety disorder after stroke. Similarly, „literacy‟ (literate 
vs. illiterate), „time since stroke‟ (≤ 6 vs. ≥ 7 months), „fluency impairment‟, „memory 
impairment‟, „visuospatial ability impairment‟ and „visual neglect‟ were significant 
predictors of the severity of depression after stroke.           
Conclusion:  Based on the sample of Saudi patients (n= 100), it can be concluded 
that cognitive dysfunctions have an effect on the stroke patient‟s mood. The 
severity of cognitive dysfunction is significantly related with mood disorders, in 
particular depression disorder. 
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Chapter One: Literature Review 
1.1 Stroke 
1.1.1 Definition of stroke 
Although different definitions of stroke can be found in the literature, it is commonly 
classified as a chronic and serious neurological disorder. Clinically, the effects of 
stroke occur in the central nervous system, specifically in the brain (Wityk & Llinas, 
2007). The World Health Organisation (WHO) defines stroke as “rapidly developing 
clinical signs of focal or global disturbance of cerebral function, with symptoms 
lasting more than 24 hours (unless interrupted by surgery or death), with no 
apparent nonvascular cause” (Thomas, Stephen, & Colin, 2000, p.1). 
1.1.2 Prevalence of stroke 
Stroke is the second leading cause of death worldwide (Thomas et al., 2000). It is 
estimated that stroke accounts for 5.7 million deaths worldwide annually, with over 
75% of those deaths occurring in developing countries (Thomas et al., 2000). For 
example, Cossi et al (2011) reported that the prevalence of stroke in the Republic 
of Benin, West Africa, is 460/100,000. Other studies have reported comparable 
figures for developing countries, such as rural Bolivia 174/100,000 (Nicoletti et al., 
2000), Argentina 868/100,000 (Melcon & Melcon, 2005), Columbia 170/100,000 
(Centers for Disease Control and Prevention , 2005), Taiwan 249/100,000 (Lin, Lin, 
Liu, Chen, & Chiu, 2007), and Iran 103/100,000 (Hosseini, Sobhani-Rad, 
Ghandehari, & Benamer, 2010). 
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Regarding the occurrence of stroke in the Kingdom of Saudi Arabia (KSA), Al 
Rajeh and Awada (2002) stated that stroke is the most common severe 
neurological disorder and is a leading cause of mortality or disability among adults. 
It is estimated that the annual incidence rate is 20.000 strokes across the KSA (at 
least 126/100,000). Despite a high prevalence of stroke in the country; it is 
currently believed that health care programmes for stroke are insufficient in the 
KSA (Al Khathaami et al., 2011). 
In terms of the prevalence of stroke in western countries, Anderson, Arciniegas 
and Filley, (2014) reported that stroke is the third most common cause of death or 
disability in the United States. More than 750,000 new ischemic strokes occur each 
year, and more that 4 million Americans are living with the residual effects of 
stroke. In Canada, approximately 300,000 Canadians suffer the consequences of 
stroke (Ramasubbu, 1999). In the United Kingdom, stroke is identified as a 
significant cause of major disability (World Health Statistics, 2012). Approximately 
152,000 people in the UK have a stroke each year (Stroke Association, 2016). A 
large portion of incidents occur in people over age 65 years, however stroke can 
affect people of all ages, including children (Stroke Association, 2016). The annual 
cost of stroke care in the UK is estimated as £8.9 billion. This annual cost is 
comprised of expenditure on diagnostic, therapeutic, financial and social services 
(Saka, McGuire, & Wolfe, 2009). 
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1.1.3 Types of stroke 
The term stroke can be used broadly for explaining different conditions associated 
with the involvement and destruction of different blood vessels supplying 
nourishment to the brain, that is, either inside the skull or going into the brain 
(Caplan, 2013). Medical literature highlights that clinicians have traditionally 
distinguished between three types of stroke: ischemic, intracerebral haemorrhagic, 
and subarachnoid haemorrhage. 
 Ischemic strokes (infarction) 
A report of the American Stroke Association, (2015) states that ischemic strokes 
lead to approximately 87% of stroke conditions. They result from an obstruction 
in a blood vessel supplying blood to the brain. Ischemic stroke occurs due to a 
thrombus, referring to a blood clot that arises in a blood vessel that obstructs the 
flow of blood in an artery transporting blood to different parts of the brain. 
According to Alway and Cole (2009), cerebral thrombotic stroke is due to the 
blood clot structures within an artery of the brain. During the process, an 
embolus or an infarction is formed elsewhere in the body. The bloodstream 
carries the embolus until it clogs an artery leading towards or in the brain, 
resulting in the ischemic stroke. Patients with ischemic stroke face sudden 
“onset of weakness, numbness, vision loss, diplopia, dysarthria, gait disorder, 
vergito, aphasia or disturbed level of consciousness” (Alway & Cole, 2009, p. 2). 
Ischemic stroke patients may also suffer loss of vision or loss of hearing; it is 
extremely rare for such patients to experience a positive visual phenomenon 
(Alway & Cole, 2009). 
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Three types of infarctions or obstructions may be distinguished: 
1. Thrombotic cerebral infarction occurs due to an atherosclerotic obstruction of 
the large cervical and cerebral arteries. 
2. Embolic cerebral infarction occurs due to an embolism in the cerebral arteries 
coming from other parts of the arterial system, for example, from cardiac 
lesions. 
3. Lacunar cerebral infarctions are due to a local disease causing small deep 
infarcts in small penetrating arteries, and are mainly related to chronic 
hypertension (Truelsen, Thudium, & Grønbæk, 2002). 
Identifying the potential risk factors for ischemic stroke, Hankey (2006) states that 
approximately 60-80% of patients suffering from ischemic stroke show the following 
conditions or behaviours: “high blood pressure, high blood cholesterol, cigarette 
smoking, carotid stenosis and diabetes mellitus (atherosclerotic ischemic stroke), 
and atrialfibrillation and valvular heart disease (cardiogenic ischemic stroke)” 
(Hankey, 2006, p. 2181). 
 Intracerebral haemorrhagic (ICH) strokes 
A second type of stroke, intracerebral haemorrhagic stroke (ICH), is the most 
common type associated with death or major disability. According to Alway and 
Cole (2009), intracerebral haemorrhage refers to the condition of bleeding within 
the substance of the brain, especially in the ventricles. According to Zuccarello 
(2015, p.1), “Ten percent of strokes are caused by ICH (approximately 70,000 
new cases each year). ICH is twice as common as subarachnoid haemorrhage 
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(SAH) and has a 40% risk of death”. It occurs due to bleeding from one of the 
brain‟s arteries into the brain tissue. ICH occurs more frequently in men than in 
women. The medical severity of ICH can be seen from historical mortality rates: 
in 1997, among an estimated 37,000 Americans, 25-35% who had ICH died 
within one month, with approximately 50% of the deaths reported in the first two 
days (Broderick et al., 1999). 
Examining the risk factors associated with ICH, Magistris, Bazak, & Martin, 
(2013) divide them into modifiable and non-modifiable risk factors. Modifiable 
factors of ICH include “hypertension, anticoagulant therapy, thrombolytic 
therapy, high alcohol intake, previous history of stroke, and illicit drug use 
(particularly cocaine)”. Non-modifiable risk factors indicated “advanced age, 
negroid ethnicity, cerebral amyloidosis, coagulopathies, vasculitis, arteriovenous 
malformations (AVMs), and intracranial neoplasms” (Magistris et al., 2013, p. 
16). 
Although symptoms of ICH may be associated with headache, nausea, vomiting, 
decreased consciousness, and elevated blood pressure, Magistris et al. (2013) 
note that clinicians face difficulty in diagnosing ICH because many of its 
symptoms are invisible. In contrast, ischemic stroke has more visible symptoms 
such as syncope, coma, neck stiffness, seizure, diastolic blood pressure (BP) of 
>110 mmHg, nausea, vomiting, and headache. 
Early advancement of neurological deficits occur in ICH patients as a 
consequence of ongoing bleeding and enlargement of the hematoma in the early 
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stages (within the first few hours) (Broderick et al., 1999). For diagnosis of ICH, 
computed tomography (CT) is a popular method, while clinical studies also 
suggest the use of magnetic resonance imaging (MRI) due to its high level of 
sensitivity and specificity (Sahni & Weinberger, 2007). 
 Subarachnoid haemorrhage (SAH) strokes 
Subarachnoid haemorrhage stroke occurs due to arterial bleeding into the space 
between the two meninges, pia mater and arachnoidea (World Health 
Organisation, 2006b). Subarachnoid haemorrhage stroke accounts for 5% of 
strokes (Alway & Cole, 2009). 
Warlow, Dennis, and Gijin (2001) have identified the principal symptoms behind 
diagnosing a subarachnoid haemorrhage: several and sudden headaches; 
nausea; vomiting; neck stiffness; photophobia; loss of consciousness; and 
epileptic seizure. 
Hypertension is the major cause of SAH (American Stroke Association, 2015). It 
follows that, by controlling blood pressure and reducing the diastolic blood 
pressure, one is able to reduce the risk of SAH. However, due to uncertainty in 
the relationship between hypertension and SAH, SAH is difficult for the clinicians 
to control and offer treatment (American Stroke Association, 2015). However, 
treatment of high blood pressure with antihypertensive medication is 
recommended for the prevention of ischemic stroke, intracerebral stroke as well 
as subarachnoid haemorrhage (Bederson et al., 2009). The clinical literature 
also points towards the influence of certain genetic syndromes on the prevalence 
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of SAH. According to Bederson et al. (2009) genetic syndromes are highly 
connected with an increased risk of SAH and support the concept of inherited 
susceptibility. 
1.1.4 Risk factors 
Studies have investigated the risk factors underpinning the different types of 
stroke. Wityk and Llinas (2007) highlighted different factors associated with 
ischemic stroke. Medical risk factors include a history of diabetes, hypertension 
and cardiovascular disease. The main demographic risk factor is age, where the 
elderly are at a higher risk of stroke, especially if there is a family history of stroke. 
World Health Statistics (2012) defines „elderly‟ as age 50 and above. The literature 
confirms that the risk of stroke increases with an increase in age. Behavioural risk 
factors consist of cigarette smoking and unhealthy lifestyles which lead to high 
blood pressure such as obesity and a lack of exercise. Physically, 60-80% of 
ischemic strokes can be attributed to high blood pressure, smoking, diabetes, high 
cholesterol and coronary artery disease (Wityk & Llinas, 2007). 
Additionally, Brainin, and Heiss (2014) used the Framingham Stroke Risk Profile, 
which is commonly used to identify risk factors. The profile takes into account a 
range of risk factors that need to be considered in diagnosing a patient with stroke. 
These include: blood pressure, history of diabetes, cigarette smoking, 
cardiovascular disease, atrial fibrillation, and left ventricular hypertrophy on 
electrocardiogram. 
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1.1.5 Symptoms and diagnosis 
According to The American Stroke Association (2015), the typical symptoms of 
stroke are likely to include: 
 numbness, weakness or paralysis on one side of the body; 
 slurred speech or difficulty finding words or understanding speech; 
 blurred vision or loss of sight; 
 confusion or unsteadiness; 
 severe headache (usually associated with a bleed). 
 
The American Stroke Association (2015) further added that diagnostic 
procedures should be performed to identify these symptoms, by clinical and 
radiological examinations, including:  
 gathering a medical history 
 performing a physical and neurological examination 
 performing certain laboratory (blood) tests 
 doing a computerised tomography (CT) or magnetic resonance imaging 
(MRI) scan of the patient 
 studying the results of other diagnostic tests that might be needed 
Additionally, CT and MRI scans are required to determine whether the stroke is 
caused by an infarction or a haemorrhage and to identify the location and size of 
the lesion (Warlow et al., 2001). 
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The Oxford Stroke Classification, also known as the Bamford classification 
(Bamford, Sandercock, Dennis, Warlow, & Burn, 1991) is commonly used to 
categorise ischemic strokes according to the localisation of damage in the 
cerebrum and the clinical symptoms, as shown in Table 1.1. 
Table 1.1: Oxford Stroke Classification 
Classification Diagnosis 
TACS: Total Anterior Circulation 
Stroke: 
Large cortical stroke in middle / 
anterior cerebral artery areas 
All three of the following: 
1. Unilateral weakness (and/or sensory 
deficit) of face, arm and leg. 
2. Homonymous hemianopia. 
3. Higher cerebral dysfunction (dysphasia, 
visuospatial disorder). 
PACS: Partial Anterior Circulation 
Syndrome:  
Cortical stroke in middle / anterior 
cerebral artery areas 
Two of the following: 
1. Unilateral weakness (and/or sensory 
deficit) of face, arm and leg. 
2. Homonymous hemianopia. 
3. Higher cerebral dysfunction (dysphasia, 
visuospatial disorder). 
POCS: Posterior Circulation 
Syndrome 
One of the following: 
1. Cerebellar or brainstem syndromes. 
2. Loss of consciousness. 
3. Isolated homonymous hemianopia. 
LACS: Lacunar Syndrome 
Subcortical stroke due to small 
vessel in basal ganglia or pons 
One of the following: 
1. Unilateral weakness (and/or sensory 
deficit) of face and arm, arm and leg or all 
three. 
2. Pure sensory stroke. 
3. Ataxic hemiparesis. 
Source: Reproduced from Bamford et al. (1991) 
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It has been noted that individuals with stroke may develop not only physical 
disabilities but also a wide range of mood and neuropsychological disorders. These 
include: depression (Beekman et al., 2000; Carod-Artal, Ferreira, Trizotto, & 
Menezes, 2008); anxiety (Burton et al., 2013); quality of life disturbance (Ahmad et 
al., 2005; Bays, 2001; Kim, Warren, Madill, & Hadley, 1999); aphasia (Carota, 
Staub, & Bogousslavsky, 2002; Kauhanen et al., 1999); and impairment of 
cognitive functions (Tatemichi et al., 1994). Accordingly, it has been suggested that 
neuropsychologists should be more actively involved than has hitherto been the 
case in the assessment and rehabilitation of those who have been diagnosed with 
stroke. 
Having reviewed prevalence, types of stroke, risk factors, and their diagnosis and 
symptoms, the next section reviews the literature on stroke in Saudi Arabia. 
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1.2 Stroke in Saudi Arabia (KSA) 
Before summarising past research about stroke in the Kingdom of Saudi Arabia 
(KSA), it is necessary to understand the demographic context and the rate of 
stroke prevalence in the KSA. Figure 1.1 below presents population statistics and 
distribution in different cities within KSA. A greater proportion of the population is 
aged 15 years and above, while a smaller proportion is aged 15 years and below. 
The figure also reveals the low growth and birth rates in the country. 
Figure 1.1: Population in Saudi Arabia 
Source: Reproduced from Al-Kawi (2013) 
In their review of the recent literature on strokes in the KSA, Robert and Zamzami 
(2014) discussed the prevalence and incidence of stroke, noting that cases of 
stroke are increasing in the KSA, however, there is little recent research on the 
prevalence and incidence of stroke (Robert & Zamzami, 2014). Three studies have 
shown that the prevalence and incidence of strokes in KSA were low (126 per 
100,000) in comparison with those in western countries (Al Rajeh & Awada, 2002; 
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Al Rajeh et al., 1993; Poungvarin, 1998). This may be due to the fact that a large 
proportion (42.49%) of the Saudi population is young people (15 years and less), 
as shown in Figure 1.1. Robert and Zamzami (2014) cited a study by Al-Rajeh et 
al. (1997) that reported that the incidence rate for individuals having a first stroke in 
Saudi Arabia was 29.8 per 100,000 each year. This study further highlighted that, 
in the past, the incidence rate of ischemic strokes in the KSA was 69%, compared 
to the rarest form of stroke, sub-arachnoid haemorrhage (SAH), which has an 
incidence rate of 1.4%. In contrast, Al Rajeh et al. (1993) found that between 1982 
and 1992, in a hospital specifically for the Saudi Arabian National Guard, the 
annual incidence rate was 43.8 per 100,000. 
Awada and Rajeh (1999) undertook an analysis of the first 1,000 consecutive 
patients with a first stroke, from two large hospitals in Saudi Arabia, since 1982 
until 1999, and found the following types of stroke, in descending order of 
prevalence: ischemic heart disease, atrial fibrillation, rheumatic heart disease, 
congestive cardiomyopathy, mitral valve prolapse, prosthetic valve, congenital 
cardiopathy, patent foramen ovale, cardiac surgery, bacterial endocarditis (Awada 
& Rajeh, 1999). Importantly, 76% of all cases were ischemic strokes, and a third of 
these were lacunar infarcts. Most of the haemorrhagic strokes were Intra-Cerebral 
Haemorrhages (ICHs); however, 2% of all strokes were for SAHs. Other research 
by  Al-Rajeh et al. (1991) and Emam, Ali, and Babikr (2009) also showed that the 
frequency of ischemic stroke was higher when compared with the other types. 
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1.2.1 Risk factors for stroke in KSA 
Two studies have established risk factors for stroke in Saudi Arabia (Awada & 
Rajeh, 1999; El Sayed, Adeuja, El-Nahrawy, & Olaish, 1999). Analysing the 1,000 
patients who had suffered their first stroke, Awada and Rajeh (1999) reported that 
the risk factors for stroke in Saudi Arabia were hypertension, diabetes, IHD, 
cigarettes, atrial fibrillation. In a prospective study of stroke, El Sayed et al. (1999) 
found that the main risk factor for stroke was the combined impact of hypertension 
and diabetes mellitus. 
Awada and Rajeh (1999) also reported the likely causes of cerebral haemorrhages 
in the 1,000 patients. From highest to lowest prevalence, these were: hypertension, 
undetermined cause, blood dyscrasias, uncommon causes, arteriovenous 
malformations, tumour, mycotic aneurysm, pregnancy, renal transplant, heroin 
addict, amyloid angiopathy, CNS angeiitis. Sixty-two percent had hypertension, 
whereas, 22% of the 1,000 patents had an undetermined cause of stroke. 
Uncommon causes of cerebral infarcts were, in descending order of prevalence, 
which ranged from 2 to 9 people: pregnancy, meningitis, thrombocytes, 
polycythemia, oral contraceptives, sickle cell disease, and chronic lymphocytic 
leukrome (Awada & Rajeh, 1999). 
1.2.2 Gender differences in stroke in KSA 
Yaqub, Shamena, Kolawole, and Patel (1991) reported that men have higher rates 
of stroke than women. Al-Jadid and Robert (2010) confirmed these findings by 
stating that men are more at risk of stroke than women.  Al Rajeh et al. (1993) 
Chapter 1: Literature Review 
14 
 
found that, out of 500 patients who had recently had a stroke, 13.6% were women 
and 68.4% were men. 
1.2.3 Age differences in stroke in KSA 
In their review of the recent literature on strokes in KSA, Robert and Zamzami 
(2014) found that Orzuza and Zurru (2011) had identified age as a risk factor for 
stroke. Orzuza and Zurru (2011) argued that, since there is an increasing 
population of older people, there might be 56.9 million nonagenarians in the world 
by 2050. They reported that this group of people has the highest incidence and 
prevalence of stroke and that this has a high impact on mortality and morbidity. In 
relation to strokes in the KSA, Al-Rajeh et al. (1989) found that the possibility of 
strokes increases until people are in their 70s. However, Al-Jadid and Robert 
(2010) found that stroke occurred more frequently in those aged 61-70 years, and 
less frequently in those aged between 20-40 years. 
1.2.4 Public knowledge of stroke in KSA 
Kamran et al. (2006) investigated public knowledge of stroke in Gulf Cooperation 
Countries (GCC), including Saudi Arabia, Oman, Bahrain, and Qatar. Interviewing 
3,750 health care workers, they showed that knowledge of stroke in patients was 
low. For example, 29% knew the term 'stroke' and 29.3% believed those aged 30-
50 were at most risk of having a stroke. Approximately 27.3% perceived smoking 
to be a risk factor, and 23.1% believed that hypertension was a risk factor. 
Symptoms of stroke were perceived by 21.7% of those interviewed to be „problems 
with speech‟. „Blocked blood vessels‟ was seen as a cause of stroke by 22%. 
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Better knowledge of stroke was found in those individuals who had a higher 
educational background. Lack of knowledge of stroke was found in those at higher 
risk, such as those with a poorer educational background and smokers. 
1.2.5 Stroke care in KSA 
Figure 1.2: Stroke programmes in Saudi Arabia 
Source: Reproduced from Al-Kawi (2013) 
A range of programmes has been designed by the KSA government in two cities 
for stroke care. Figure 1.2 shows that the main cities targeted through this 
programme are Riyadh and Jeddah. Two large medical centres have been 
established in Jeddah for stroke patients, while four large medical centres have 
been developed in Riyadh. This information was helpful for selecting primary 
investigation sites for the current study. 
Al Khathaami et al. (2011) conducted telephone interviews with 83 neurologists to 
investigate their views on care practices for stroke in the KSA. The researchers 
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found that, out of 350 hospitals, one had a unit to deal with strokes and seven 
provided treatment for thrombolysis. The researchers estimated that 50 patients 
each year, out of 24 million inhabitants, were treated for thrombosis, which is a 
medical condition related to blood clot in the blood vessels. The neurologists saw 
an average of 362 patients requiring acute stroke care. The neurologists argued 
that priorities for acute stroke care in the country include: establishing more stroke 
units; increasing public awareness of stroke; providing training for providers of 
healthcare; and collaboration between providers. The researchers concluded that 
Saudi Arabia falls behind developed countries in stroke healthcare and knowledge 
about strokes is not being used to inform stroke practices, thereby leading to the 
provision of inadequate care for stroke patients. 
Having reviewed the prevalence, risk factors, likely causes of stroke, gender and 
age differences in stroke, public knowledge and acute care of stroke in the Saudi 
context, the next section reviews the literature on cognitive dysfunctions after 
stroke. This is followed by a review of the literature on mood disorders after stroke. 
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1.3 Post-stroke cognitive dysfunction 
 
Terms such as „dysfunction‟, „impairment‟, „decline‟, „disorder‟ and „deficit‟ are often 
used to describe cognitive dysfunction after stroke. To avoid confusion in the 
terminology of this study, the term „post-stroke cognitive dysfunction‟ is used to 
refer to the cognitive disorder in which the patient becomes, as a result of stroke, 
unable to perform mental tasks, such as remembering, awareness, comprehension 
and speech. This term may be sufficient given that neuropsychological tests, by 
their very nature, can provide general scores estimating a patient‟s cognitive 
abilities. 
Almost two-third of patients experience cognitive dysfunction after a stroke 
(Gialanella & Ferlucci, 2009). While some patients recover from cognitive 
dysfunctions within a few weeks after a stroke, the majority remain cognitively 
impaired permanently in attention, visuospatial ability, memory, language, and 
executive functions (Cumming, Marshall, & Lazar, 2013). In particular, the pattern 
and severity of cognitive dysfunction often depend on the location of the lesions in 
the brain (Lee et al., 2008). Frontal lobe stroke, for example, may lead to loss of 
motivation, attention, and inhibition (Robinson, 2006).  
Many clinical studies have focused on the effects of stroke on cognitive function. 
Al-Qazzaz, Ali, Ahmad, and Islam (2014) conducted a review of studies of the 
assessment of post-stroke dementia based on patients‟ stroke risk factors and 
cognitive function within the first 3 months after stroke onset. Based on a review of 
19 articles, the results showed that there is a relationship between the individual 
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risk factors and post-stroke vascular dementia development. Numerous risk factors 
such as cardiovascular disease (CVD), hypertension, heart disease and 
hyperlipidemia were identified. Diabetes mellitus was also one of the other risk 
factors highlighted. Moreover, where age and sex were determined as non-
modifiable risk factors, the findings revealed a correlation between the risk of 
vascular dementia and being of an older age. On the contrary, the results showed 
no significant relationship between dementia development and patients‟ sex. CVD 
was identified as a major risk factor for cognitive impairments. Importantly, this 
research demonstrated a visible connection between a risk factor and the decline 
or even loss of one or more cognitive functions in almost all of the studies reviewed 
(Al-Qazzaz et al., 2014). 
Similarly, Van Rijsbergen, Mark, de Kort, and Sitskoorn (2014) determined the 
prevalence of subjective cognitive complaints after stroke through a literature 
review. This found that the prevalence of subjective cognitive complaints (SCC), 
assessed between 1 month and 54 months after a stroke, varied between 28.6% 
and 92%. A large portion of these complaints related to memory, mental speed, 
and concentration. However, language-related cognitive complaints were found to 
a lesser extent. These complaints were also more prevalent among the post-stroke 
patients as compared to the control groups. Demographic and clinical 
characteristics were not significantly associated with the prevalence of subjective 
cognitive complaints. On the other hand, depressive symptoms were found to be 
positively correlated with SCC (Van Rijsbergen et al., 2014). 
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1.3.1 Prevalence of post-stroke cognitive dysfunction 
The reported prevalence of cognitive dysfunction after stroke varies enormously 
between populations according to the time elapsed since the stroke (Middleton et 
al., 2012). Leśniak et al. (2008) assessed the frequency of cognitive disorders two 
weeks after a first-ever stroke and re-evaluated the frequency at a one-year follow-
up. In the acute phase, the authors found that the most frequent cognitive 
dysfunctions were in the domains of attention (48.5%), aphasia (27%), short-term 
memory (24.5%), and executive functions (18%). At the one-year follow-up, 
attention disorder was the most frequent symptom. On other hand, executive 
dysfunction, aphasia, and short-term memory disorder were significantly less 
frequent than in the acute stage. In another study, Blake, McKinney, Treece, Lee, 
and Lincoln (2002) investigated the sensitivity and specificity of the screening 
battery using 12 neuropsychological tests. The results showed that over 70% of 
patients were cognitively impaired on each of the measures within one month of a 
stroke. The frequency of impairment in descending order was as follows: verbal 
memory (56%), executive functions (52%), spatial perception (51%), visual 
memory (42%), language (40%), visual inattention (26%), and visuospatial 
perception (11%). 
Similarly, Tatemichi et al. (1994) concluded that, three months after admission to 
hospital for a stroke, the frequency of impairment in the following domains was as 
follows: memory (19.5 to 24.6%), orientation (25.8%), language (13.3 to 32.7%), 
visuospatial skills (16.8 to 25%), abstract reasoning (16.1 to 20.1%) and attention 
(20.2 to 38.5%). They also found that 26% patients were diagnosed with dementia 
Chapter 1: Literature Review 
20 
 
3 months after an ischemic stroke. In another investigation, Bogousslavsky and 
Cummings (2000) found that the prevalence of cognitive impairment was 35-70% 
three months after a stroke occurred, and that the most frequently impaired 
cognitive domains were: memory, orientation, language, attention, visuospatial and 
visuo constructive tasks, arithmetic, and speed of information processing. 
The influence and prevalence of post-stroke cognitive dysfunctions can be better 
analysed by examining each domain. The following sections discuss in detail a 
selection of dysfunctions. 
1.3.2 Post-stroke cognitive dysfunctions by domain 
 
In addition to overall cognitive dysfunction, the five cognitive domains that were 
selected for study were: impairments in attention, memory, language, visual 
neglect and executive functions. 
1.3.2.1 Attention deficits 
Attention deficit is the inability to concentrate on a particular event (Lezak, 2004). It 
is frequently associated with right-hemisphere damage (Barker-Collo, Feigin, 
Lawes, Senior, & Parag, 2009) and occurs in 46-92% of stroke patients (Lincoln, 
Kneebone, Macniven, & Morris, 2012). However, recent studies have shown that 
the time elapsed since the stroke and the subtype of attention disorder may 
influence the prevalence of attention deficit (Hurford, Charidimou, Fox, Cipolotti, & 
Werring, 2013; Hyndman & Ashburn, 2003; Hyndman, Pickering, & A. Ashburn, 
2008; Stapleton et al., 2001). 
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With regard to time elapsed since the stroke, Barker-Collo et al. (2009) found that 
50% of patients had severe impairment in attention three weeks after the stroke. 
Nys, et al. (2006) concluded that, within the acute phase of stroke, namely, one 
month, 45-71% of stroke patients demonstrate severe attention deficit. Wehling et 
al. (2012) found that, 12 months after the stroke, 61% of patients had attention 
disorder. In a follow-up, Rasquin, Lodderb, Winkens, Jolles, and Verhey (2004) 
found that the frequency of attention deficit was 32%, 34%, and 30.6%, 1, 6 and 12 
months after stroke, respectively. 
However, different categories of attention deficit have been identified. For example, 
it was found that sustained attention deficit is very common in stroke patients 
(Chen, Koh, Hsieh, & Hsueh, 2009). Individuals with this disorder cannot remain 
focused on a specific task for a long period of time (McAvinue, O'Keeffe, 
McMackin, & Robertson, 2005). Consequently, they develop poor balance and 
have poor functional outcomes (Hyndman & Ashburn, 2003). 
Another type is selective attention which enables a person to concentrate on a 
particular stimulus even when a distraction is present (Kellogg, 2011). Both 
auditory and visual selective attention disorders are frequent in stroke patients. 
Thirty-six percent of stroke patients had auditory selective attention disorder, 
whereas 37% of them had visual selective attention disorders, 12 months after the 
stroke (Hyndman, Pickering, & Ashburn, 2008). 
Divided attention allows an individual to handle two or more tasks at one time 
(Bernstein, 2013). Disorder in divided attention negatively affects functional 
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recovery after a stroke, although there is insufficient evidence of its direct influence 
on long-term functional outcomes post stroke (Lincoln et al., 2012). 
Evidence suggests that, after a stroke, some types of attention deficit occur more 
frequently than others. In a pilot study, Stapleton, Ashburn, and Stack (2001) found 
that 46% of stroke patients suffered from sustained attention deficits, 62% were 
impaired on tests of auditory selective attention, and nearly 92% presented with 
impairment scores on tests of visual selective attention. Similarly, Hyndman and 
Ashburn (2003) found that approximately 10% of stroke patients have visual 
inattention, 31% have deficits of sustained attention, 19% have auditory selective 
attention, 35% have visual selective attention, and 43% have divided attention 
deficits. 
In sum, based on the findings of the above literature, attention deficit can be 
defined as a loss of the ability to concentrate on a specific task that can be 
evaluated in a neuropsychological manner. Although impaired attention is frequent 
after a stroke, the prevalence varies according to the type of attention and the time 
elapsed between the stroke and the assessment. Previous studies have detected 
sustained, selective, and divided attention disorders in stroke patients. The 
prevalence of attention disorders might be higher during the acute phase of stroke 
than in later stages. 
1.3.2.2 Memory disorders 
Memory function allows a person to store information in the brain and remember 
it at differing times. In addition, it often involves different types of mental 
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functions such as a manipulation of information, talking, learning, reading, 
writing, and recognising previous experiences. Thus, damage in the memory 
processing areas of the brain after a stroke may cause forgetfuless, confusion, 
loss of concentration and recollection of personal experiences. Such disorders 
may have serious implications for the quality of life of the stroke patient. 
Post-stroke memory disorders are commonly related to damage in areas of the 
brain such as the cortex, hippocampus and temporal lobe. Associations between 
stroke in these brain areas and post-stroke memory dysfunction have been studied 
widely. For example, Jokinen et al. (2004) evaluated the relationship between mild 
temporal lobe atrophy and memory deficit in a consecutive cohort of elderly non-
demented patients with ischemic stroke. A total of 260 patients were assessed on 
the Wechsler Memory Scale (WMS). After controlling for the effects of age, the 
total volume of the infarcts and general cortical atrophy, the results showed that the 
patients with moderate and severe mild temporal lobe atrophy had poorer 
performance in memory functions. 
Burton et al. (2004) compared 96 stroke patients and 23 people without dementia 
to explore correlations between the volume of white matter hyperintensties and 
impairments in memory and other cognitive functions. According to this study, 
memory deficit was significantly associated with the volume of right temporal white 
matter hyperintensities, whereas working memory was significantly associated with 
the volume of left temporal white matter hyperintensities. 
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Although there is evidence that lesions in the temporal lobe may play an important 
role in memory disorders after stroke, recent studies have found that memory 
deficits might be manifested when the stroke is diagnosed either in the temporal 
lobe or in other parts of the cerebrum. This may be due to the complexity of the 
memory system and number of different parts of the brain deing involved in 
remembering or recognising information. Accordingly, it is difficult to determine 
which specific lesions lead to memory impairment after stroke (Baddeley, 
Kopelman, & Wilson, 2004). In this regard, Chen, Sun, and Liu (2005) have 
summarised lesion locations which may lead to post-stroke memory disorders. 
Table 1.2 shows that stroke in different regions can also lead to memory problems. 
Stroke in the frontal lobe, basal ganglia and thalamus can negatively affect digit-
span memory, whereas stroke in both the right and left hemispheres may cause 
language memory impairment. Other memory abilities such as visual recall may be 
associated with strokes in the thalamus as well as in the partial and basal ganglia. 
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Table 1.2: Associations between lesion locations and cognitive dysfunctions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Adapted from Chen, Sun, and Liu (2005) 
These findings have been supported by Lim and Alexander (2009) who studied the 
type of memory dysfunction caused by each stroke subtype, shown in Table 1.3. 
They found that verbal memory impairment can be caused by stroke in different 
parts of the brain such as the hippocampus and anterior thalamus, while visual-
spatial memory impairment may relate specifically to stroke in the right regions 
(right PCA, right anterior thalamus, and right genu internal capsule). Deficits in 
retrograde memory can be related to bilateral and medial thalamus stroke rather 
than to other regions. 
Location Cognitive dysfunction 
Frontal lobe stroke Executive function 
Digit span memory 
Partial stroke Executive function 
Language memory 
Visual recognition 
Basal ganglia stroke Digit span memory 
Language memory 
Thalamus stroke Executive function 
Digital span memory 
Visual recognition 
Visual recall 
Partial and basal ganglia 
stroke 
Executive function 
Language memory 
Visual recognition 
visual recall 
Left and right side stroke Language memory 
Visual recognition 
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Table 1.3: Summary of stroke subtypes causing memory disorders 
 
Location/vascular 
territory 
Anatomy Memory deficits Associated 
deficits 
Left PCA Hippocampus 
Medial temporal lobe 
Collateral isthmus 
Verbal memory Visual field deficits 
Colour agnosia 
Alexia without agraphia 
Anomia 
Right PCA Hippocampus 
Medial temporal lobe 
Collateral isthmus 
Visuospatial memory Visual field deficits 
Prosopagnosia 
Bilateral PCA Hippocampus 
Medial temporal lobe 
Collateral isthmus 
Explicit memory 
Retrograde memory 
Cortical blindness 
Apperceptive agnosia 
Associative agnosia 
Left anterior thalamus Anterior thalamus 
Mammillothalamic tract 
Internal medullary lamina 
Verbal memory 
Visuospatial memory 
Executive dysfunction 
Mixed transcortical 
aphasia 
Right anterior thalamus Anterior thalamus 
Mammillothalamic tract 
Internal medullary lamina 
Visuospatial memory Executive dysfunction 
Visuoperceptual deficits 
Left genu internal 
capsule 
Anterior thalamic peduncle 
Inferior thalamic peduncle 
Verbal memory 
 
Frontal lobe system 
Right genu internal 
capsule 
Anterior thalamic peduncle 
Inferior thalamic peduncle 
Visuospatial memory Frontal lobe system 
Medial thalamic Dorsomedial nucleus 
Centromedian nucleus 
Internal medullary lamina 
Verbal memory 
Visuospatial memory 
Retrograde memory 
Hypersomnolene 
Attentional deficits 
Ocular motility 
Basal forebrain Septal nucleus Verbal memory 
Visuospatial memory 
Confabulation 
Executive impairment 
Anosognosia for 
amnesia 
Source: Adapted from (Lim an  Alexander (2009) 
On other hand, the clinical literature has categorised memory impairments in stroke 
into long-term, short-term and working memory. 
 Long-term memory disorder after stroke 
Rovee-Collier, Hayne, and Colombo (2000) defined long-term memory as an 
important subdivision of the individual‟s consciousness mind. According to the 
authors, long-term memory has unlimited storage and includes previous 
experiences and learnt skills. It is called „concrete memory‟ or „remote memory‟ 
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because most of the information is retained for a long time, maybe years or 
decades (Rovee-Collier et al., 2000). Furthermore, the long-term memory itself has 
been subdivided based on function. (1) Explicit memory is roughly equivalent to 
memory with consciousness or memory with awareness. It is divided into episodic 
memory, which enables the subject to recall events, and semantic memory, which 
refers to an ability to recollect facts about the world. (2) Implicit memory, on the 
other hand, refers to situations in which previous experiences facilitate 
performance on tests that do not require intentional or deliberate remembering. 
Little consensus exists about which brain systems have an effect on episodic or 
semantic memory after stroke. Few studies have examined the effect of stroke on 
these two memories. Godefroy, Roussel, Leclerc and Leys (2009) examined 63 
stroke patients to determine the anatomy of episodic memory disorders. A 
neuropsychological battery and neuroradiological assessment by CT scan were 
used. The results showed that the verbal episodic memory deficit was correlated 
with thalamic, medial temporal, frontal, centrum semiovale and lenticular lesions, 
with a predominance of left-hemisphere lesions. 
 Short term memory disorder after stroke 
According to the literature, short-term memory is distinct from long-term memory. 
Short-term memory enables humans to store information for a few seconds or 
minutes before it is transferred to long-term memory by another control process. 
This type of memory has a limited capacity to store information; the information 
appears to be in a state of fragility and quickly forgotten. 
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As a temporary and limited store, the information in short-term memory may be 
affected by stroke. Campos, Barroso, and Lara Menezes (2010) assessed the 
influence of stroke on memory encoding, storage and retrieval processes and the 
implications for motor practice. Twenty-four participants were divided into two 
groups: 12 with unilateral stroke and a healthy group of 12. A neuropsychological 
battery was administered including immediate figure recognition, immediate free 
word recall, late figure recognition and late word recognition. There were significant 
differences between patients and the control group with regard to visual and verbal 
encoding and verbal storage, but no significant differences on visual and verbal 
retrieval tests and visual storage. In addition, patients with lesions of the right 
hemisphere had a lower score on the visual coding process, while patients with 
left-hemisphere stroke obtained a lower score on verbal storage and verbal 
retrieval (Campos et al., 2010). 
 Working memory disorders after stroke 
It is thought that short-term memory and working memory are distinct and each has 
different characteristics. Information in short-term memory is often held passively, 
whereas information in working memory is stored by active processes and usually 
needs other executive functions, such as comprehension, problem-solving and 
reasoning, to complete the processing. 
Working memory has been classified into two major types. Verbal working memory 
is for understanding and producing language (Weismer, Evans, & Hesketh, 1999), 
while visual-spatial working memory is used to remember the progression of 
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events, forms, and mathematics skills (Cornoldi & Vecchi, 2004). The site of the 
stroke is thought to be related to different types of working memory impairment. 
In the light of this hypothesis, Meier et al. (2011) examined the impact on working 
memory performance of stroke and transient ischemic attack (TIA) in the left and 
right hemispheres. To examine the effects of age on working memory 
performance, the participants were divided into two groups: younger (<50 years) 
and older (>50 years). The results showed that older stroke patients had 
significantly more deficits than older TIA patients in encoding time and response 
time. In addition, the older right-hemisphere stroke patients had significantly more 
deficits than did the older TIA patients in encoding time and response time. 
Similarly, Philipose, Alphs, Prabhakaran, and Hillis (2007) evaluated – in acute 
stroke patients only – whether right-hemisphere impairment causes deficits in 
spatial and verbal working memory, while left-hemisphere dysfunction causes 
impairment in verbal working memory. Working memory components include the 
ability to: (1) encode information, (2) accurately retain this information, and (3) 
retrieve the information. An examination of 94 patients with stroke and transient 
ischemic attack showed that a high percentage of stroke patients had spatial span 
deficits and verbal working-memory impairment. Moreover, patients with cortical 
stroke showed more deficits in spatial span than did those with TIA. Both right and 
left cortical stroke patients had significant deficits in verbal working memory. 
These two studies support the idea that the type of working memory disorder 
depends on the location of the stroke, whether in the left or right hemisphere. It 
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appears that patients with left-hemisphere stroke suffer from verbal working 
memory deficits because this side consists of language components (Broca‟s and 
Wernicke‟s areas), while damage in the right hemisphere is related more to visuo-
spatial working memory impairment. 
1.3.2.3 Language disorders 
As noted by Dark and Sander (2014, p. 32), "Language is a complex process that 
is at the heart of our functioning as social beings. There are many different ways 
that it can be damaged by a stroke”. These include aphasia, alexia, agraphia and 
acalculia (Sinanović, Mrkonjić, Zukić, Vidović, & Imamović, 2011). Among the 
language disorders after a stroke, aphasia is the most common disorder. It can be 
categorised into disorders relating to fluency and comprehension abilities and can 
affect all modalities of language. According to the National Aphasia Association 
(2015), about 25% - 40% of patients who survive have aphasia after a stroke. 
Aphasia can be divided into five broad categories based on which location of the 
brain is affected post stroke. Figure (1.3) summarises the common types of 
aphasia. 
Figure 1.3: Categories of aphasia 
 
 
 
Source: Reproduced from The National Aphasia Association (2015) 
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 Global aphasia: This form is the most severe type of aphasia. Survivors with 
global aphasia have difficulty speaking and understanding words. In addition, 
patients can neither read nor write. 
 Broca's aphasia (non-fluent): Broca‟s aphasia is sometimes called 
expressive aphasia. It involves severe reduction in speech outputs, short 
utterances (less than four words); and limitation in vocabulary access. The 
formation of sounds is often laborious and clumsy. 
 Wernicke's aphasia (fluent): Wernicke‟s aphasia is often described as a 
receptive aphasia. In this type of aphasia, patients can produce connected 
language and are sometimes able to hear a voice or read the print, but they 
may have difficulty understanding the meaning of the messages. 
 Anomic aphasia: It is also known as 'anomia' because the patient struggles to 
supply the words for the very things they want to talk about particularly the 
significant nouns and verbs. 
 Primary progressive aphasia: This is a rare disorder in which patients slowly 
and progressively lose their ability to talk, read and write, while other cognitive 
functions remain intact. 
The severity of aphasia can range from relatively mild to very severe. With mild 
aphasia, patients may be able to converse, but have difficulty understanding 
complex conversations and finding the right word, with incorrect words occasionally 
coming out. Aphasia can also be severe. The patients may not be able to speak at 
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all and may not participate in or understand any conversation (The National 
Aphasia Association, 2015). 
1.3.2.4 Visual neglect 
Visual neglect, also known as visual inattention or hemispatial neglect, is a type of 
perception disorder that occurs because of stroke or traumatic brain injury. It is 
defined as “a neurological disorder characterized by deficit in attention to stimuli on 
one side of the body, almost invariably contralateral to the side of cerebral lesion” 
(Ting et al., 2011, p. 114).  
According to Vallar (1998), visual neglect can be classified into different subtypes. 
Figure 1.4 summarises the different manifestations of visual neglect. 
Figure 1.4: Manifestations of visual neglect 
Source: Adapted from Ting et al. (2011) 
 
 
 Modality (input/output) 
According to Ting et al. (2011), neglect is divided into sensory (input) and 
premotor (output) neglect. Sensory neglect is described as a failure to be aware 
of the sensory stimuli of different modalities, including tactile, auditory, and visual 
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in contralesional hemispace. In the case of premotor neglect, the ability to be 
aware of the stimulus is intact, but patients are unable to attend to the limbs in 
contralesional hemispace. 
 Spatial representation 
Likewise, in the study of Ting et al. (2011), spatial representation includes two 
subtypes: egocentric visual neglect (viewer-centred) and allocentric visual neglect 
(stimulus-centred). The former is characterised by a failure to orientate to stimuli 
in the contralesional hemispace with respect to the sagittal plane of the body, 
head and eye. In contrast, allocentric visual neglect is the inability to pay attention 
to the contralesional side of individual items. Whereas egocentric visual neglect is 
a disorder related to the position of the body or the patient‟s own personal space, 
allocentric visual neglect is an unawareness of the space within the patient‟s 
normal reach and the objects or environment beyond the body‟s current contact 
or reaching ability. 
 Range of space 
Range of space has been divided into personal, per-personal, and extra personal 
visual neglect. This classification is widely adopted in clinical practice during the 
assessment of visual neglect. 
Clinically, it is important to note that visual neglect is not hemianopia, which refers 
to visual-field loss on the left or right side of the vertical midline (Lincoln et al., 
2012), and it must be distinguished from visual extinction as well. In the case of 
visual extinction, impairment in awareness appears when stimuli are presented 
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on both sides simultaneously, whereas awareness is apparently normal when a 
stimulus is presented to a single side (Rees et al., 2000). In contrast, individuals 
with visual neglect lose the ability to respond or orient to meaningful stimuli on the 
contralesional side of space (Heilman, Watson, & Valenstein, 1993). 
Patients with stroke are at an increased risk of developing visual neglect more 
than other neurological disorders. It is classically related to right-hemisphere 
stroke especially in posterior lesions in the parietal lobe; however, the evidence 
based on CT-scan results suggests that the frequency of visual neglect differs 
according to the location of the lesion after stroke. For instance, Nys et al. (2006) 
found that the prevalence of visual neglect is associated with the lesions in the 
both hemispheres of the brain. Within the first week of stroke, 28.6% of patients 
with left cortical stroke and 51% of those with right cortical stroke demonstrated 
neglect disorder, while only 17.6% with left subcortical stroke and 36% with right 
subcortical stroke developed neglect disorder. Additionally, Ringman, Saver, 
Woolson, Clarke, and Adams (2004) found that visual neglect after stroke was 
most frequently associated with lesions involving the temporal lobes (right 33%, 
left 43%), parietal lobes (right 60%, left 49%), parieto-temporal lobes (right 75%, 
left 42%), frontal lobes (right 42%, left 25%), fronto-partial lobes (right 57%, left 
42%), occipital lobes (right 50%, left 33%), basal ganglia (right 24%, left 15%), 
and thalamus (right 44%, left 31%).  
Studies based on neuropsychological tests have found that the prevalence of 
visual neglect after stroke is between 5.5% and 85% (Azouvi et al., 2002; Bowen, 
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McKenna, & Tallis, 1999; Leśniak et al., 2008; Menon-Nair, Korner-Bitensky, 
Wood-Dauphinee, & Robertson, 2006; Nys, et al., 2006). The inconsistent rate of 
visual neglect disorder after stroke in those studies could be explained by 
insufficient awareness of this condition or it could reflect difficulties in detecting 
visual neglect in the presence of other, more acute medical conditions such as 
dysphasia, hemianopia or hemiplegia (Ting et al., 2011). Additionally, factors 
such as sampling, timing, and methods of assessment are important factors in the 
variance of the prevalence of visual neglect (Lincoln et al., 2012). 
1.3.2.5 Executive dysfunctions 
The concept of executive functions incorporates multiple cognitive domains. 
Executive functions can be defined as a series of mental abilities that enable an 
individual to cope with new situations, determine goals, create new and useful 
ways of achieving them, and effectively resolve the challenges they encounter in 
everyday life (Goldstein & McNeil, 2012). Similarly, Lezak (1982) reports that 
executive functions comprise goal formulation, planning, carrying out activities 
and effective performance. 
Shallice and Burgess‟s theory (1996), cited in Goldstein and McNeil (2012), 
presents a general way of understanding the relationship between executive 
functions and the various parts of the brain. 
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Figure 1.5: Supervisory attention system 
 
 
Source: Adapted from Goldstein and McNeil (2012) 
 
Figure 1.5 shows the Supervisory System Model which specifies how thought and 
action schema become activated or suppressed for routine and non-routine 
circumstances. Every stimulus in the environment activates a schema for action 
and/or problem-solving processes, which determines a person‟s actions or 
thoughts. The schemas that are triggered can be sufficient to accomplish 
appropriate behaviours in routine situations. Under non-routine procedures, an 
executive monitoring system called the Supervisory Attentional System (SAS) 
controls schema activation. Because the Supervisory System is supported by the 
frontal lobe, damage to the frontal lobe can lead to a disturbance of the supervisory 
system and consequently to behavioural disorders (Goldstein & McNeil, 2012). 
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A new version of the theory by Cooper and Shallice (2000) proposed that this 
system is composed of a number of distinct modules which work together to 
support different types of executive function (e.g., inhibition, initiation, prospective 
memory etc.). Furthermore, these executive functions may be supported by 
different regions within the prefrontal cortex and posterior cortex (Goldstein & 
McNeil, 2012). 
Difficulties in executive functions after stroke have traditionally been associated 
with frontal lobe injury (Baddeley, 1998). However, Lincoln et al. (2012) argued that 
executive dysfunctions could occur when other regions in the brain are damaged 
after stroke. This is because executive functions usually work in coordination with 
other cognitive abilities such as memory and language. This viewpoint that lesions 
in different parts of the brain after stroke can lead to executive dysfunction has 
been supported by recent research. Park, Yoon, and Rhee (2011) assessed 
executive dysfunctions and their associations with stroke in the occipital lobe. 
Twelve stroke patients underwent a neuropsychological screening battery including 
executive functions, attention, language, praxis, visuo constructive, visual and 
verbal memory tests. The findings revealed that seven of eight patients with lesions 
in the occipital lobe, which extended into the hippocampus or the splenium, 
demonstrated impairment of executive functions. Another study, by Nys, et al. 
(2006) found that the prevalence of executive dysfunction was 71.4% in patients 
with left cortical stroke, whereas nearly 43.8% of patients with right cortical stroke 
demonstrated deficits in executive functions. 
Chapter 1: Literature Review 
38 
 
1.3.3 Rationale for the study of post-stroke cognitive dysfunctions in Saudi 
Arabia 
The literature review concluded that cognitive dysfunctions after stroke can affect 
all aspects of an individual‟s life. The effects depend on the severity of the 
cognitive dysfunction and what type of cognitive functioning is impaired, such as 
attention, memory, perception and language. The effects of these impairments 
have lasting impacts on the daily life activities experienced by the individuals. In 
this regard, Gottesman and Hillis (2010, p. 895) highlight that “individuals can 
recover from physical disability resulting from stroke, but might be unable to return 
to their previous occupations or independent life because of cognitive 
impairments”. 
The term „cognitive dysfunction post stroke‟ refers to a complex phenomenon, 
incorporating multiple domains. According to Cumming et al. (2013) cognition as a 
mental function is complex in that it has multiple spheres of influence on our 
everyday functioning, and each cognitive domain is interdependent for executing 
the different functions. They further describe cognitive domains in terms of different 
categories such as attention, executive function, visuospatial ability, memory and 
language. In context of attention, the authors refer to several tasks that can direct a 
specific stimulus or task including concentrating, modifying, dividing and 
maintaining attention. On the other hand, executive functioning refers to tasks 
related to planning, organisation of thoughts, and self-consciousness defining the 
extent of individual‟s control. Similarly, memory is defined as a domain related to 
the recalling and recognition of visual and verbal information and data. With the 
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help of the language domain, it becomes easier for individuals to express and 
receive feelings and thoughts (Cumming et al., 2013). 
Additionally, in the context of assessing the literature for the clinical instruments 
used to study post-stroke cognitive dysfunctions, the researcher evaluated the 
effectiveness, specificity and „severity of dysfunctions and disorders‟ of several 
studies. Cullen, O‟Neill, Evans, Coen, and Lawlor (2007) conducted a systematic 
review of cognitive screening tests for neurological diseases including stroke, and 
examined the evidence for their validity. They found that different cognitive 
screening tests, which expanded on the Mini-Mental State Examination (MMSE), 
rated highest in terms of encompassing key cognitive domains and validity. 
However, the MMSE has been criticised for its limited ability to assess the extent to 
which cognitive deficits affect functioning after stroke (Bour et al., 2010; Dong et 
al., 2010; Lincoln et al. 2012). In addition, the MMSE has been criticised for its 
insensitivity for assessing specific neuropsychological domains such as 
visuospatial and executive function impairments after stroke (Dong et al., 2010). In 
this context, Lincoln et al. (2012) suggested the use of a neuropsychological 
battery for assessing cognitive domains in stroke patients, who have passed an 
initial screening assessment. To those who are still in the acute stage, they argue 
that using a brief screening instrument, such as the Addenbrooke‟s Cognitive 
Examination-Revised (ACE-R) (Mioshi et al., 2006), is more practical. The authors 
further argue that the psychometric properties of the ACE-R instrument is also 
supportive for acute stage patients (Lincoln et al., 2012). 
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A study by Morris, Hacker, and Lincoln (2012), assessed the effectiveness and 
reliability of using the Addenbrooke‟s Cognitive Examination-Revised (ACE-R) as a 
screening measure for detecting cognitive impairment after stroke. From a sample 
size of 101 participants who completed the ACE-R, the results showed that this 
measure is highly effective in the screening of cognitive functions in acute stroke 
patients. Despite its effectiveness in assessment, however, there were no-cut-off 
points identified for any of the subscales for specificity and sensitivity in detecting 
impairment in specific areas of cognitive functioning (Morris et al., 2012). 
Other relevant literature considers overall cognitive dysfunction as a rapidly 
increasing problem after stroke and a major cause of disability in Saudi Arabia. A 
review of the literature pertaining to post-stroke cognitive dysfunction suggested 
that impairments in cognitive function have a significant influence on the 
rehabilitation outcomes and the quality of life of individuals after a stroke in a Saudi 
sample (Abdul-sattar & Godab, 2013). Therefore, it is important to know the 
prevalence of cognitive dysfunction post stroke in specific populations of health-
service users in order to plan and develop health services effectively. 
The literature review also concluded that research in the area of post-stroke 
cognitive dysfunctions in Saudi Arabia is severely lacking. Studies have neglected 
the incidence, prevalence and socio-demographic properties of stroke patients, 
and the topics that have been investigated remain insufficient. The present study 
therefore used robust methods for assessing post-stroke cognitive dysfunctions – 
from overall cognitive dysfunction to orientation/attention, memory, fluency, 
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language, visuospatial ability, visual neglect, visual-motor skills and executive-
function impairments – specifically, for determining the prevalence of cognitive 
dysfunction after stroke in Saudi Arabia population. 
Having discussed post-stroke cognitive dysfunction, the following section 
addresses post-stroke mood disorders. 
1.4 Post-stroke mood disorders 
Stroke patients can suffer from mood disorders which will exacerbate stroke 
outcomes (Anderson et al., 2014). Influence of these disorders can increase 
mortality and disability rates, while also increasing the duration of the hospital stay 
and negatively affecting a patient‟s daily functioning, interpersonal relationships 
and quality of life (Leppävuori, Pohjasvaara, Vataja, Kaste, & Erkinjuntti, 2001; 
Townend et al., 2007). 
According to the American Stroke Association (2015), numerous mood disorders 
are associated with stroke, including depression, anxiety, emotionalism, anger, 
personality changes, other behavioural disturbances (American Stroke Association, 
2015). However, among these different types of mood disorders, this study focuses 
on two specific disorders: anxiety and depression after stroke. 
1.4.1 Anxiety after stroke 
Anxiety disorder is mental health condition that covers a wide range of psychiatric 
disorders. These include panic attacks, agoraphobia, social phobia and specific 
phobia (American Psychiatric Association, 2013). The term „anxiety disorder due to 
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a general medical condition‟ is commonly used to describe symptoms of anxiety 
that are gauged to be a direct physiological consequence of a medical ailment, 
such as a stroke (American Psychiatric Association, 2013). However, most studies 
use the term „anxiety after stroke‟ to describe a worried mood caused by a stroke 
(Warlow, Dennis, & Gijn, 1998; Leśniak, Bak, Czepiel, Seniow, & Członkowska, 
2007). It is clinically characterised by symptoms such as restlessness, being easily 
fatigued, difficulty concentrating or frequently experiencing the mind going blank, 
irritability, muscle tension and sleep disturbance (American Psychiatric 
Association, 2013). In addition, a range of other symptoms are also considered to 
indicate anxiety in stroke patients, such as a fear of falling, avoiding people in 
meetings, and experiencing memories and flashbacks of the stroke (Ayers et al., 
2007). 
In the differential diagnosis, structured and semi-structured interviews are usually 
applied to the diagnostic criteria of anxiety after stroke (Robinson, 2006). However, 
Lincoln et al. (2012) have argued that clinical interviews take too long time and 
require specific interview skills, therefore using standardised questionnaires, either 
self-administered or administered by professionals, are preferable. Accordingly, 
several researchers have investigated anxiety after stroke using validated 
questionnaires, including the Beck Anxiety Inventory (BAI) and the anxiety 
subscale of the Hospital Anxiety and Depression Scale (HADS). 
While anxiety disorder occurs in any period after the stroke in about 20 - 25% of 
patients (Burton et al., 2013), the length of time elapsed since the stroke is a 
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critical factor in the prevalence of anxiety. Barker-Collo (2007) found a 21.1% 
prevalence of anxiety, from moderate to severe, among patients three months after 
the stroke. Meanwhile, Aniello et al. (2014) who examined the prevalence of 
anxiety disorder based on the length of time elapsed since the stroke, found that 
anxiety incidence rates increased most notably during the chronic stage of the 
stroke, with prevalence levels reaching 20%, 23% and 24% after 1, 5 and 6 months 
after the stroke, respectively. Recently, Burton et al. (2013) conducted a systematic 
review of 44 studies aimed at estimating the frequency of anxiety after stroke. The 
results showed that the prevalence of anxiety disorders was approximately 20 – 
25% at any time after stroke. Three studies reported that one-third of stroke 
patients with anxiety had a history of mood disorders prior to the stroke. Ten 
studies found that 17–80% of stroke patients had anxiety and depression 
symptoms. Meta-analyses found a non-significant increase in the frequency of 
anxiety after stroke. During the acute phase of stroke, 19-27% of patients develop 
anxiety disorders. At 1-5 months post stroke, the prevalence of anxiety disorder 
was 23%. At 6 months and over, 24% of stroke, patients had anxiety disorder. This 
systematic review also discussed the frequency of anxiety disorder in three 
treatment settings. The authors concluded that prevalence of anxiety disorder in 
the acute phase, in rehabilitation-based settings, was significantly lower than in 
other settings. The estimated prevalence was 25% in population-based settings, 
25% in hospital-based, 22% in community-based, and 21% in rehabilitation-based. 
Additionally, the rate of prevalence for anxiety disorder varies depending on the 
assessment method used. The prevalence of anxiety disorders was found to be 
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18% when assessed by clinical interviews but this increased to 25% when 
assessed using a rating scale (Barker-Collo, 2007). It has also been observed that 
anxiety disorder occurs in female patients more than in male. For example, Burvill 
et al. (1995) found the prevalence to be 5% in men and 19% in women after four 
months of stroke. 
Studies examining the neuroanatomical issues associated with anxiety disorder 
after stroke have been limited. A small number of studies have identified 
associations between anxiety disorder and the location of the stroke lesion 
(Bergersen, Frøslie, Sunnerhagen, & Schanke, 2010). According to Carota, 
Bogousslavsky, and Fisher (2009), anxiety with no simultaneous depression 
symptoms has the potential to affect right cortical lesions. On the other hand, within 
those patients who are already suffering from anxiety co-morbid with the 
depression, the likelihood of left cortical damage is most evident (Carota et al., 
2009). A study by Tang et al. (2012) investigated the association between anxiety 
disorder and frontal lobe infarcts. They reported that, in comparing patients with 
anxiety after stroke with those without anxiety, the presence and location of anxiety 
disorder is more likely to occur in the right frontal acute infarcts. These infarcts 
were also analysed as the independent predictors of the anxiety disorder, which 
play a vital role in the development of the disorder. An investigation by Åström 
(1996), found that post-stroke anxiety was associated with right-hemispheric 
lesions. Likewise, Castillo, Starkstein, Fedoroff, Price, & Robinson (1993) found 
that post-stroke anxiety alone (without depression) was associated with right-
hemisphere lesions. 
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Despite identifying a potential relationship between lesion location and anxiety 
disorder after stroke, the current literature does not offer a neuroanatomical model 
of anxiety disorder after stroke. Additionally, anxiety disorder can co-occur with 
other psychiatric disorders such depression. 
1.4.2 Depression after stroke 
Depression is a serious mental health illness, which is usually accompanied by 
various clinical features. Depression after stroke is a term used to identify mood 
disturbance among patients diagnosed with cerebral or haemorrhagic stroke. 
Comparable terms in previous studies include depressive mood, mood disorder, 
emotional disorder, and psychological distress. Medically, the criteria of the fifth 
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and of 
the Classification of Mental and Behavioural Disorders (ICD-10) are used to 
diagnose depression after stroke. Specifically, it is classified under „mood disorder 
due to a general medical condition‟. 
Clinical features have taken account of the frequency of occurrence and severity of 
depression after stroke in understanding various symptoms. These can be further 
categorised into emotional, physical, cognitive and behavioural symptoms for 
depression after stroke. 
Emotional symptoms include: a depressed mood for most of the day; diminished 
interest or pleasure; frustration; feelings of worthlessness, and inappropriate guilt. 
Physical symptoms typically include: significant weight loss or weight gain; 
insomnia or hypersomnia; fatigue or loss of energy; bodily aches; and loss of 
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appetite. Cognitive symptoms may include: unrealistic evaluation of events, and a 
loss of an ability to think, concentrate or make decisions. Individuals may also 
report recurrent thoughts of death or suicide. Finally, behavioural symptoms for 
depression may include psychomotor agitation or retardation, social withdrawal, 
and neglect of self-caring and appearance (American Psychiatric Association, 
2013). Similarly, in certain situations, the following symptoms may also be 
observed among depressed patients: reduced sex drive; intolerance; lack of 
enjoyment; worry; slow speech; change in appetite; unexplained aches; changes in 
the menstrual cycle; disturbed sleep patterns; avoidance of social activities; and 
difficulties at home and in living life (Gray & Lindsay, 2009). 
Clinically and empirically, there are different ways of assessing depression after 
stroke; usually the purpose of an assessment determines the type of tools that are 
used to diagnose, screen or assess the severity of depression after stroke (Aben, 
Verhey, Lousberg, Lodder, & Honig, 2002). To assess depression after stroke, 
some studies have used structured or semi-structured interviews based on the 
above DSM or ICD-10 criteria. Others used depression-rating scales to screen or 
assess the severity of depression after stroke. Psychological instruments – such as 
the Beck Depression Inventory (BDI), Hospital Anxiety and Depression Scale 
(HADS-D), Hamilton Depression Rating Scale (HDRS), and Symptoms Checklist-
90 depression subscale (SCL-90-D) – are used to assess the symptoms and 
severity of depression among stroke patients. These instruments also have cut-off 
points for classifying people as depressed and not depressed. Aben et al. (2002) 
examined the validity of these scales as screening instruments for depression in 
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stroke patients. The sensitivity of each was found to be: BDI: 80%; HADS-D: 
73.1%; HAM-D: 62.5%; and SCL-90-D: 88.5%, while their specificity was as 
follows: BDI: 61.4%; HADS-D: 81.6%; HAM-D: 91.7%; and SCL-90-D: 60.7%. In 
addition to these four scales, Gaete and Bogousslavsky (2008) mention 12 other 
self-report tools which may be used to assess depression after stroke. 
Clinical observation may also be used to assess depression after stroke. Nursing 
staff may fill out a structured questionnaire, such as the Stroke Aphasic Depression 
Questionnaire (SADQ) (Sutcliffe & Lincoln, 1998), about the patient‟s sleeping and 
eating habits, weight loss or gain, and mood. This kind of measurement is often 
used to assess observed depression symptoms in stroke patients with aphasia. 
With respect to the prevalence of depression after stroke, the literature indicates 
that depression symptoms are observed in approximately 29% - 52% of stroke 
patients and may appear within a few weeks after a stroke and could be enduring 
up to 5 years after stroke (Ayerbe, Ayis, Wolfe, & Rudd, 2013). However, 
inconsistencies in prevalence rates can be examined in connection with the 
differences in the samples and assessment methods used in different studies. 
Furthermore, a number of studies have examined various contributing factors that 
might influence the occurrence or prevalence of depression after stroke. For 
instance, damage to specific brain sites has been investigated as one factor behind 
this disorder. In particular, the left hemisphere is generally considered to be more 
significantly associated with the presence of depression after stroke (Robinson, 
2006). However, more than one systematic review found these findings to be 
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inconclusive, suggesting that both hemispheres could be linked to depression after 
stroke (Bhogal, Teasell, Foley, & Speechley, 2004; Singh, Herrmann, & Black, 
1998).  
Another significant factor in this regard is the length of time elapsed since the 
stroke. For instance, in a systematic review of 50 studies aimed at assessing the 
prevalence of depression after stroke, Ayerbe et al. (2013), explored the 
frequencies of depression symptoms at four intervals after stroke: 3 months and 1, 
3 and 5 years. The findings showed that the frequency of depression was 33%, 
28%, 32% and 31%, respectively (Ayerbe, et al., 2013). Similarly, Hackett and 
Pickles (2014) aimed to update and review the frequencies of depression after their 
previous systematic review (Hackett, Yapa, Parag, & Anderson, 2005). In this 
updated review, 61 studies were reviewed, considering 25,488 patients. 
Depression after stroke presented in 28% of stroke patients within the first month 
of stroke, 36% after a 2-5 month period, 31% after 6-9 months, 33% after the first 
year, 25% after 2-4 years, 23% at 5 years, and 31% beyond 5 years after the 
stroke. 
In addition to the stroke‟s lesion location and the duration of time since the stroke 
occurred, further demographic factors relating to aspects and elements of 
depression after stroke have also been considered. Overall, depressed survivors 
tended to have lower education levels (Sienkiewicz-Jarosz et al., 2010), and 
severe language problems (Thomas & Lincoln, 2006), while being female was 
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significantly associated with depression ( Townend, Tinson, Kwan, & Sharpe, 
2010; Madureira, Guerreiro, & Ferro, 2001). 
1.4.3 Rationale for the study of post-stroke mood disorders in Saudi Arabia 
Clinical evidence from the literature review confirmed that several studies have 
examined the prevalence of stroke in Saudi Arabia, yet few of these have focused 
on investigating anxiety or depression after stroke. Indeed, only one study has 
investigated the prevalence of post-stroke mood disorder in Saudi Arabia. 
Conducted by Hamad, Siddiqui, Al-Mansoor, Al-Senani, and Sinha (2011), this 
study examined depression after stroke in a Saudi sample, finding incidents of 
depression in 17% of stroke survivors during the first month after stroke. The study 
by Hamad et al. (2011) was important in categorising depression after stroke into 
different types of depression, such as mild depression, moderate depression and 
severe depression. However, the study did not include sufficient data about 
demographic factors such as age, gender, literacy, time since stroke, treatment 
setting (hospital or rehabilitation unit), and side of weakness (left or right), in order 
to identify the frequency and severity of depression after stroke among Saudi 
participants. It also did not focus on anxiety disorder along with depression after 
stroke. This is a gap in the literature which the present study seeks to address. The 
current study contributed to the literature in terms of integrating anxiety and 
depression disorders after stroke as one investigation for enhancing our 
understanding of post-stroke mood disorders in hospitalised Saudi patients. Thus, 
by considering both anxiety and depression after stroke, the present study aimed 
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to provide a much-needed contribution to the current limited body of research on 
anxiety and depression after stroke in Saudi Arabia.    
The limited scope and depth of existing research literature on Saudi healthcare 
highlights the need for an investigation into the prevalence of post-stroke anxiety 
and post-stroke depression in the country. As the literature review of findings in 
Chapter One showed, common clinical settings or research locations are 
European, American, and Asian countries. Due to significant cultural and 
demographic differences between geographical contexts, findings on the 
prevalence of post-stroke mood disorders in these countries cannot necessarily be 
generalised to the Saudi context. It can be expected that the treatment and quality 
of care offered to post-stroke patients differ between countries. It is also expected 
that hospital settings in Saudi Arabia for dealing with post-stroke care issues are 
different from those in other regions. In addition, the national culture of the country 
is likely to have a significant influence on the knowledge and awareness of mood 
disorders among the patients. 
Moreover, patient characteristics may affect the emotions of post-stroke patients 
differently depending on the geographical region. This is because patient 
characteristics reflect to some degree the country‟s culture and the societal 
attitudes and values in which the post-stroke patient resides. For example, a 
relatively high degree of dependency between family members in Saudi Arabia, 
compared to their Western counterparts, is likely to play a vital role in shaping the 
emotions of post-stroke patients. A country-specific study will help to take into 
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account the hidden effects of the cultural and social factors that influence anxiety 
and depression after stroke. 
The following section considers the relationship between cognitive dysfunction and 
mood disorders after stroke. 
1.5 Relationship between cognitive dysfunction and mood disorders after 
stroke 
Cognitive dysfunction may be an important predictor of mood disorders or a factor 
related to mood disorders (Ayerbe, Ayis, Rudd, Heuschmann, & Wolfe, 2011; 
Kauhanen et al., 1999; Pohjasvaara et al., 2002; Sharpe et al., 1990). Studies have 
shown that stroke patients who have a high degree of cognitive dysfunction are 
considerably more likely to develop depression or anxiety symptoms than are 
those who do not have such high levels of cognitive dysfunction (e.g., Downhill & 
Robinson, 1994).  
Models of the relationship between cognitive dysfunctions and mood disorders can 
take two forms: neuroanatomical and neuropsychological. 
1.5.1 The neuroanatomical model of the relationship between cognitive 
dysfunction and mood disorders after stroke 
The neuroanatomical model examines lesions in the brain structures and their 
correlations with mood disorders post stroke. Researchers usually use functional 
neuroimaging to identify the relationship between brain damage after stroke and 
depression and anxiety. Lesion location and the volume of the injury are identified 
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as the most important factors for exploring the association between mood 
disorders and cognitive damage. 
In this regard, Kövari et al. (2009) performed a detailed analysis of lesion type in 
consecutively autopsied stroke patients, both with and without depression, after 
stroke. Fourteen patients of 20 had major depression at six months after stroke. 
Furthermore, CT-scan results confirmed that basal ganglia, thalamic, and white 
matter lacunes were associated significantly with the occurrence of post-stroke 
depression. With the same purpose in mind, Hama, Yamashita, Yamawaki, and 
Kurisu (2011) examined 243 patients with haemorrhagic or occlusive stroke. CT 
scans were performed on all those patients at admission to assess the size and 
site of the damage in the basal ganglia and frontal lobe. The results showed that 
the severity of affective depression among stroke patients was associated with left 
frontal-lobe damage but not damage to the basal ganglia. Apathetic depression 
was related to injury of the basal ganglia in both hemispheres but was not related 
to the frontal lobe. 
Additionally, the MRI scan for stroke patients diagnosed with depression disorder 
showed that, not only is frontal lobe damage related to mood disorders after stroke, 
but that damage in different parts of the brain may also lead to mood disorders. 
Vataja et al. (2001) used MRI to investigate the radiological correlates between 
type, side and size of lesions and depression in 275 patients, 3 to 4 months after 
stroke. Patients aged 55 - 85 years were included, and 40% of them were 
diagnosed with depressive disorder. The findings showed that there were 
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significant differences between depressed and non-depressed patients in some of 
structures the prefrontal subcortical, especially in the caudate, pallidum, genu of 
internal capsule, and anterior capsule. There were also significant differences in 
the frequency of infarcts in the occipital lobe, posterior corona radiate, and 
amygdala. 
Using a similar MRI technique, Tang et al. (2010) conducted a study to assess the 
association between frontal subcortical circuit infarcts and depression after stroke. 
A total of 591 patients underwent an MRI scan and participated in a structured 
clinical interview based on DSM-IV criteria for major depression and dysthymia. 
The researchers found that 75 of the patients were diagnosed with depression after 
stroke. The results showed that frontal subcortical circuit infarct (acute or old) was 
significantly associated with depression after stroke. Moreover, the results of a 
multivariate logistic regression analysis indicated that frontal subcortical circuit 
infarct could be identified as an independent risk factor for depression after stroke. 
Downhill and Robinson (1994) partially supported previous findings in their 
examination of 309 patients who were diagnosed with intracerebral haemorrhage 
or cerebral infarction. Their findings indicated that depression symptoms were 
related to the left lesion significantly more than to the right lesion. These studies 
confirmed that cognitive dysfunction present in stroke patients leads to the damage 
of or affects the left side of the hemisphere, which ultimately leads to mood 
disorders. 
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Although the evidence suggests that damage of the left hemisphere may be 
associated with mood disorders after stroke, in particular depression after stroke, 
other studies have found no significant relationship between lesion location and 
depressive symptoms in stroke patients. Carson et al. (2000) undertook a 
systematic review of all studies hypothesising that depression disorder in stroke 
patients is related to the left side lesion or left anterior lesions. Reviewing 35 
studies conducted between January 1975 and August 1999, they showed no 
support for these hypotheses, and concluded that there was no significant 
relationship between depression symptoms and lesions in the brain. This 
conclusion has been supported by Bhogal et al. (2004) who conducted a 
systematic review of lesion locations and depression after stroke. Based on studies 
from January 1970 to March 2003, their review was comprised of 26 original 
articles. The authors observed that ten articles found no significant association 
between lesion location and the frequency or severity of depression after stroke. 
Only two studies found a significant association between right-hemisphere strokes 
and depression, while four articles reported a significant association between left-
hemisphere strokes and depression. 
The clear heterogeneity of the findings of the neuroanatomical model of correlation 
between cognitive dysfunction and mood disorders has prompted researchers to 
propose that other variables must be considered as part of the assessment of 
mood disorders in stroke patients, such as social and interpersonal factors, daily 
functions and cognitive disabilities. Accordingly, the hypothesis was modified by 
recent studies from its narrow focus on lesions to include the psychological 
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representations, which can develop after a stroke, leading some patients to be 
more depressed or anxious than others. Subsequently, a wide range of 
psychological and social aspects has been examined to determine their effect on 
emotion after stroke; one of these being a cognitive abilities deficit.  
1.5.2 The neuropsychological model of the relationship between cognitive 
dysfunctions and mood disorders after stroke 
According to a neuropsychological model, cognitive abilities are vital means of 
interacting with others. They entail manipulating information in the brain for various 
purposes such as talking, learning, reading, writing, and recognising previous 
experiences. Thus, damage in the cognitive areas of the cerebrum may adversely 
affect these abilities and impair the individual's quality of life. In contrast to the 
neuroanatomical model, the neuropsychological model of correlation between 
cognitive dysfunctions and mood disorders proposes that stroke patients become 
depressed or anxious because they lose their cognitive ability to recognise or 
communicate with their surroundings. 
Stroke and its sequelae often occur suddenly, causing patients to face severe 
difficulties in their relationships and surroundings (Bays, 2001; Kim et al., 1999). 
Sufferers may fail to fulfil their roles in life (Owolabi, 2012), and such negative 
implications may result in permanent dependency. Physical and cognitive 
disabilities particularly can lead to retirement or long stays in hospitals or other 
institutions (Scott, Phillips, Johnston, Whyte, & MacLeod, 2012). These dramatic 
life-changes can adversely affect the patient‟s mood and may lead to a loss of 
personal motivation and possibly depression and anxiety disorders (Dennis, 
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O'Rourke, Lewis, Sharpe, & Warlow, 2000). In this regard, Ayerbe et al. (2011) 
found that the frequency of depression increases when stroke patients lack family 
support, are unable to work, are living in an institution, and are suffering from 
cognitive impairment. 
In many cases, the complicated post-stroke cognitive dysfunctions and mood 
disorders symptoms also play an important role in determining the seriousness of 
the stroke and the potential benefits from treatment. Moreover, severe mood and 
cognitive disorders after stroke can trigger more chronic psychological disorders 
such as suicide (Forsström, Hakko, Nordström, Räsänen, & Mainio, 2009). These 
concerns have led researchers to explore, in particular, the nature of the 
relationship between, in particular, cognitive dysfunctions and mood disorders after 
stroke. 
1.5.2.1 Relationship between cognitive dysfunction and anxiety after stroke 
Five studies (Ayerbe et al., 2014;  Barker-Collo, 2007; Castellanos-Pinedo, 2011; 
Fure et al., 2006; Spalletta et al., 2002) which have addressed the relationship 
between cognitive dysfunction and anxiety after stroke used neuropsychological 
assessment. Data were tabulated in Table 1.4. The number of participants in these 
studies was ranged between 73 and 2179. The time of assessment since stroke 
was ranged between 2 days and 10 years. All studies reviewed included only adult 
samples; mean ages was (µ = 62.26 ± 9.2). The mean proportion of men was 54%. 
The Mini Mental Status Examination Scale (MMSE) was used (3 of 5 studies) and 
the Neuropsychiatric Inventory (NPI) was used (1 of 5 studies) in assessing overall 
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cognitive dysfunction. In 1 of the 5 studies, a battery of five neuropsychological 
tests was used to assess post-stroke impairments in four cognitive domains. For 
anxiety assessment, the Hamilton Anxiety Rating Scale (HARS) was used in 2 
studies. Similarly, the Hospital Anxiety and Depression Scale (HADS) was used in 
2 studies. The Beck Anxiety Inventory (BAI) was used in one study.  
Out five studies, one study (Fure et al., 2006), as seen in the Table 1.4, found a 
significant correlation between overall cognitive dysfunction (as measured by 
MMSE) and anxiety after stroke in the acute phase of stroke. Another study by 
Spalletta et al. (2002) identified a significant relationship between post-stroke 
anxiety examining by the HARS and overall cognitive impairment assessing by the 
MMSE among only patients with left hemisphere stroke. The interesting 
observation was that in 2 studies using follow-up method (Ayerbe et al., 2011;  
Castellanos-Pinedo, 2011), the correlation was found to be significant 
predominantly in the late stages of stroke. Castellanos-Pinedo (2011) examined 
stroke patients at four times points and found a significant relationship between the 
NPI scores and the HARS at only 26 weeks after stroke. Likewise, Ayerbe et al. 
(2014) found that anxiety 5 years after stroke was significantly associated with 
lower scores on the MMSE. 
As to the relationship between cognitive domains and anxiety, an examination of 
the five cognitive domains, Barker-Collo (2007) examined the relationship between 
four cognitive domains and anxiety after stroke. After three months post-stroke, a 
significant relationship was observed between difficulties in three cognitive 
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domains i.e. specify which ones long term memory, attention and cognitive speed, 
whereas the relationship between learning and anxiety was not significant.  
From the general literature review, it can be analyzed that the strength and 
significance of the relationship between post-stroke cognitive dysfunction and 
anxiety disorder varied between the studies. The five studies covered in this 
section also revealed that some variables can be identified as important factors 
when the relationship between post-stroke cognitive dysfunction and anxiety 
disorder has been examined, including: 
 Lesion location (Saplletta et al., 2002), 
 Time since stroke (Ayerbe et al., 2011; Castellanos-Pinedo, 2011), 
 Cognitive domain targeted (Barker-Collo, 2007). 
On other hand, review of past studies showed that the relationship between 
cognitive dysfunction and anxiety fundamentally overlaps between cognitive, 
medical, and functional factors. This is the reason why anxiety after stroke was 
found to be correlated with the different cognitive dysfunctions. It was observed 
that patients with cognitive dysfunction often require a re-evaluation of their life in 
terms of individual goals, guidelines and directions, as well as review their social 
activities in order to take into account stroke-induced physical and cognitive 
insufficiencies. Those patients may increase their medical care and rehabilitation, 
resulting in treatment of medical complications with the passage of time; however, 
the influence of cognitive dysfunction post stroke can remain for a long period of 
time and can cause different disturbances, such as loss of communication with 
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surroundings, retirement from work, loss of eligibility, and ultimately anxiety 
disorder (Burton et al. 2013). Therefore, the past literature by (Åström, 1996; 
Brynjar Fure, Wyller, Engedal, & Thommessen, 2006; Leppävuori, Pohjasvaara, 
Vataja, Kaste, & Erkinjuntti, 2003; Raju, Sarma, & Pandian, 2010) reported a 
significant relationship between anxiety after stroke and both cognitive impairment 
and poor functional outcomes. 
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Table 1.4: Summary of articles included in the literature review (relationships between cognitive dysfunction and anxiety disorder after stroke) 
Authors and year 
published 
Time of 
assessment 
since stroke 
Patient characteristics Cognitive assessment Anxiety assessment Outcomes 
N Type of 
stroke 
Age (y) 
(µ,SD) 
Gender 
(Male 
%) 
Cognitive domain 
targeted 
Tests used Anxiety 
type 
targeted 
Tests 
used 
Spalletta et al., 2002 µ = 3.10 m 153 First ever 
stroke 
66.48 ± 
13.4 
 
47.3% Overall cognitive 
function 
MMSE anxiety after 
stroke 
HARS High scores on the 
HARS associated 
significantly with low 
scores on the MMSE 
in patients with left 
hemispheric stroke 
Fure et al., 2006 Between day 
3 
and day 7 
178 Ischemic 
stroke 
68.6 ± 11.4 62.9% Overall cognitive 
function 
MMSE anxiety after 
stroke 
HADS The relationship 
between HADS-A 
score and MMSE was 
significant. 
Barker-Collo, 2007 3 m 73 Ischemic and 
haemorrhagic 
stroke 
51.7 ± 
10.19 
54.8% Learning, Memory, 
Attention/Impulsivit
y, Cognitive speed 
CVLT-II, VPA 
Digit and 
spatial spans 
Wechsler, 
IVA-CPT, 
Victoria 
Stroop 
anxiety after 
stroke 
BAI Anxiety 3 months of 
stroke was 
significantly 
associated with long 
term memory, 
attention and cognitive 
speed 
Castellanos-
Pinedo, 2011 
2 d, 4, 12, and 
26 w 
89 Ischemic 
stroke 
Not 
reported 
51.7% Overall cognitive 
function 
NPI anxiety after 
stroke 
HARS Significant relationship 
between the NPI 
scores and HAM-A at 
26 weeks after stroke. 
Ayerbe et al., 2014 3 m, 1, 3, 5 
and 10 y 
2179 Stroke 
(undetermined
) 
Not 
reported 
Not 
reporte
d 
Overall cognitive 
function 
MMSE 
 
anxiety after 
stroke 
HADS Anxiety 5 year after 
stroke was 
significantly 
associated with lower 
scores in the 
MMSE 
Abbreviations: (d) days, (w) weeks, (m) months, (y) years,  (MMSE) The Mini-Mental State examination, (HADS) The Hospital Anxiety and Depression Scale, (HARS) The Hamilton Anxiety Rating 
Scale, (CVLT-II) The California Verbal Learning Test-II, (VPA) The Visual Paired Associates, (IVA-CPT) The Integrated Visual Auditory Continuous Performance Test, (BAI) The Beck Anxiety 
Inventory, (NPI ) The Neuropsychiatric Inventory.
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1.5.2.2 Relationship between cognitive dysfunction and depression after 
stroke 
The next chapter is a systematic review of past studies to examine the relationship 
between cognitive dysfunction and depressive symptoms. The review critically 
analyses and discusses the findings of past studies to show how overall cognitive 
dysfunction is associated with post-stroke depression. 
1.5.3 Rationale for the study of the relationship between post-stroke 
cognitive dysfunctions and mood disorders in Saudi Arabia  
The rationale for the current study was the lack of research on the association 
between cognitive dysfunction and mood disorders in the KSA. The purpose of the 
study was to fill the gaps identified above in the previous research literature.  
The examination of the literature about stroke in the KSA shows that past 
researchers have focused only superficially on the neuropsychological aspects, 
despite the fact that a large portion of the stroke population in the country suffers 
from different types of cognitive dysfunctions. To our knowledge, only two 
published studies aimed to explore the prevalence of psychological disorders in the 
KSA. One investigation by Hamad, Siddiqui, and AI-Mansoor (2011) investigated 
the distribution of depression in 60 stroke patients in Saudi Arabia. Ten patients 
had depression, 7 patients had mild depression, 2 had moderate depression and 1 
patient had severe depression. In conclusion, the team of researchers noted that 
the rates of depression were infrequent in the patients with stroke; however, 
depression was significantly linked to the individual‟s severity of disability rather 
than to the type of stroke. In the second investigation by Abdul-Sattar and Godab 
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(2013), the authors attempted to identify the possible factors influencing the 
functional outcomes of stroke patients after inpatient rehabilitation. They reported 
that the key neuropsychiatric conditions after stroke are: cognitive condition, 
depression, and stroke severity. Additionally, the findings found that the functional 
dependency of the Saudi population of post-stroke patients was highly correlated 
with their cognitive or neuropsychiatric conditions (Abdul-Sattar & Godab, 2013). 
Among the available studies in KSA, stroke is becoming a growing problem for 
individuals in Saudi Arabia due to rapid changes in the health-related quality of life 
of the region. Individuals of all ages can suffer from stroke at any stage of life. To 
minimise this risk, timely diagnosis and outcomes are needed. An overview of the 
Saudi Arabian population was provided above, showing that the number of medical 
centres and research facilities available for treating stroke – only four – is too few 
for the country‟s population. The provision of treatment for blood clots is also 
lacking. Relatedly, Khathaami et al. (2011) have indicated a low level of awareness 
and poor practices in treating stroke, and accordingly poor outcomes and 
consequences from suffering a stroke in Saudi Arabia. The findings of the current 
doctoral research are expected to increase awareness of and knowledge about 
stroke outcomes, including cognitive and mood outcomes, and the indirect 
associations between the two.         
A very limited number of past neuropsychological studies can be found which 
concentrate on the Saudi context. It is recommend that future research should 
focus on the impact of stroke on cognitive processes, which are directly associated 
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with the brain. Future research should also investigate the potential aspects 
associated with cognitive dysfunctions. Specifically, future studies should be 
directed towards demographic factors to identify their relation to cognitive 
dysfunction and mood disorders after stroke. These include: age, gender, and 
literacy, as well as „side of weakness‟, settings, and time since stroke. Of these 
factors, literacy is of particular importance because, according to the Ministry of 
Education in Saudi Arabia, around 19% of people over 60 years of age are 
illiterate. The high level of illiteracy compared to Western countries, makes this 
neuropsychological study an urgent social and economic medical issue in the KSA. 
Similarly, the influence of old age on increasing stroke patterns, mainly in the 
seventh decade of a person‟s life needs further study to highlight the changes 
occurring in the cognitive functioning of the old-aged person in the post-stroke 
period. Exactly how the impairments suffered by such patients impact upon living 
their routine lives must also be more thoroughly studied. Moreover, past studies 
confirm that the prevalence of stroke in men is higher than that in women. This 
underscores the need to investigate cognitive functions in men, which will help in 
identifying differences in the relationship between the cognitive dysfunctions found 
among males as well as among females. 
In addition, changes in patients‟ cognitive abilities, especially neuropsychological 
disorders, after stroke, have rarely been examined in Saudi Arabia. Loss of 
attention, memory and language may result in long-term dependence of the stroke 
patient on others and may contribute to feelings of frustration and fear due to being 
unable to communicate with others or carry out tasks for themselves. Due to the 
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cognitive dysfunctions that can occur after a stroke, some survivors may lose their 
jobs, and have less social contact and activity, thereby contributing to the 
development of depression and anxiety related to their disabilities. It follows that 
there may be potential interactions between neuropsychological dysfunctions (e.g., 
attention deficit, memory disorder, visual neglect and executive dysfunction) and 
mood disorders (depression and anxiety) after stroke. Thus, expanding the focus of 
neuropsychological studies in Saudi Arabia is critical for inferring patterns and 
differences between the cognitions of one stroke patient and another, which can 
help in offering effective interventions in the post-stroke period too. 
In sum, the current research extends into multiple dimensions, including 
substantiating the general findings extracted from the literature review with the 
primary findings gathered from KSA medical centres. Another rationale for the 
present study is the lack of knowledge and awareness among KSA medical 
professionals as well as in the Saudi population about the relationship between 
cognitive dysfunctions and mood disorders. 
1.6 Aims of thesis 
The aims of the thesis are: 
 To conduct a systematic review of the relationship between overall cognitive 
dysfunction and depression disorder after stroke. 
 To investigate the prevalence of post-stroke cognitive dysfunctions which will 
be inclusive of overall cognitive dysfunction, as well as orientation/attention, 
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memory, fluency, language, visuo-spatial perception, visual neglect, visual-
motor skills and executive functions impairments in Saudi Arabia population. 
 To investigate the prevalence of post-stroke mood disorders (anxiety and 
depression) in Saudi Arabia using a self-report mood scale. 
 To investigate the relationship between cognitive dysfunctions and mood 
disorders using neuropsychological tests and a self-administered scale. 
 
Having examined the literature, the next chapter presents a systematic review of 
the relationship between post-stroke overall cognitive dysfunction and post-stroke 
depression disorder. 
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Chapter Two: Relationship between Overall Cognitive Dysfunction 
and Depression after Stroke: A Systematic Review 
2.1 Introduction 
According to the literature, approximately 70% of survivors are impaired in one or 
more cognitive functions (Blake et al., 2002; Girard et al., 2010; Nys, et al., 2006), 
and the pattern and severity of cognitive dysfunction often depend on the location 
of lesions in the brain (Robinson, 2006). The impact of a loss of function after 
stroke can have negative psychological effects. Many stroke patients suffer from 
depression in addition to cognitive dysfunction (Bour et al., 2010; Nys, et al., 2006; 
Pohjasvaara et al., 2002; Rasquin et al., 2004). According to Hackett et al. (2005) 
and Hackett and Pickles (2014), depression is common after stroke (an estimated 
31-33%), but research is needed into the aetiology and risk factors associated with 
post-stroke depression. 
Early studies, such as those by Robinson, Starr, Kubos, and Price (1983), found 
that stroke patients with cognitive dysfunction also suffered from depression, and 
suggest that cognitive dysfunction can be considered a related factor of depression 
after stroke. Similarly, Downhill, and Robinson (1994) found that stroke patients 
whose symptoms of depression abated showed a greater improvement in their 
cognitive functions than those whose symptoms of depression did not abate. 
These findings have led professionals and researchers to explore the possible 
correlation between overall cognitive dysfunction and depression disorder after 
stroke. 
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It is now partially accepted that neuroanatomical, overall cognitive dysfunction 
contributes to post-stroke depression. In order to understand the possible link more 
clearly, lesions in various parts of the brain have been studied to explore the 
association between cognitive dysfunction and depression post stroke, including: 
 Frontal lobe (Downhill & Robinson, 1994; Eastwood et al., 1989; Hama et al., 
2007; Spalletta et al., 2002; Tang et al., 2012). 
 Cortical and subcortical structures (Tang et al., 2010). 
 Amygdala (Sachdev, Chen, Joscelyne, Wen, & Brodaty, 2007). 
 Basal ganglia, thalamus and white matter (Gold, et al., 2009; Mok et al., 2009; 
Vataja et al., 2001). 
 Left and right hemispheres (MacHale, O‟Rourke, Wardlaw, & Dennis, 1998; 
Nys, et al., 2006; Robinson, Bolla-Wilson, Kaplan, Lipsey, & Price, 1986). 
Thus far, little is known about why the relationship between lesions in the brain and 
post-stroke depression occurs in some patients and not others. The above studies 
have revealed mixed results, with some studies concluding that there is a positive 
relationship between the lesions causing both cognitive dysfunction and 
depression symptoms, and others concluding that, while correlations between 
lesions and depression can be found, their association is not statistically significant  
(Bhogal et al., 2004; Carson et al., 2000; Murata et al., 2000; Sharpe et al., 1990; 
Spalletta et al., 2002). This variation may be attributed to the fact that, in the 
studies that did not find a significant relationship, cognitive dysfunction post stroke 
was considered only in terms of brain structure, and not function. In addition, these 
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studies did not use comprehensive assessments to identify the presence of 
cognitive dysfunction, but used the Mini Mental State Examination (MMSE) 
(O‟Bryant et al., 2008), which is known not to be a sensitive measure for detecting 
cognitive impairment after stroke (Bour, Rasquin, Boreas, Limburg, & Verhey, 
2010). The use of the MMSE, as opposed to measures that assess specific 
cognitive domains more thoroughly, may also have contributed to the lack of 
significant correlation found between cognitive dysfunctions and post-stroke 
depression. 
Overall cognitive dysfunction and depression after stroke can affect patients‟ 
quality of life in general, and the outcome of treatment and rehabilitation 
programmes in particular (Bays, 2001; Beekman et al., 2000; Campbell Burton et 
al., 2011; Carod-Artal et al., 2008; Gottesman & Hillis, 2010; Kauhanen et al., 
1999). In order to improve management and intervention planning, it is important 
for health and rehabilitation professionals working with stroke patients to 
understand the relationship between overall cognitive dysfunction and depression. 
Therefore, the aim of this review was to address the following question: Is there a 
significant relationship between overall cognitive dysfunction and depression post 
stroke? To answer this question, the researcher reviewed studies which assessed 
the relationship between overall cognitive dysfunction and depression disorder post 
stroke. 
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2.2 Method 
2.2.1 Criteria for including studies in the review 
 
Types of disorders 
For the purposes of this review, cognitive dysfunction was defined as loss of 
overall intellectual ability due to stroke, as determined by neuropsychological 
assessments. 
Depression after stroke was characterised by the following: low mood; loss of 
interest or pleasure in all activities; changes in appetite or weight, sleep and 
psychomotor activity. Other attributes of depression after stroke include: decreased 
energy; feelings of worthless or guilt; difficulty thinking, concentrating, and making 
decisions; and recurrent thoughts of death or suicidal ideation, plans, or attempts 
(American Psychiatric Association, 2013). The reason behind choosing these 
inclusion criteria was to exclude other types of mood disorders (e.g., bipolar I and 
bipolar II disorder). 
Types of participants 
All studies that were eligible for inclusion specified an adult participant sample (18 
years old and over). Participants had to have a clinically verifiable diagnosis of 
stroke. The World Health Organisation defines ischemic stroke as: “rapidly 
developing clinical signs of focal or global disturbance of cerebral function, with 
symptoms lasting more than 24 hours (unless interrupted by surgery or death), with 
no apparent nonvascular cause” ( Thomas et al., 2000, pp. 1-2). 
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Types of measures 
Studies were eligible for inclusion if they: 
a) Used a standardised neuropsychological test, which involves one test or a 
battery of tests, to obtain specific scores for examining overall cognitive 
dysfunction. These neuropsychological tests are administered under 
observation in standard conditions and use normative data whereby 
performance is compared to reference groups of the same age, sex, race, and 
education level. 
b) Included assessment of depression disorder measures to identify and evaluate 
depression symptoms. The researcher included the rating scales which may be 
used to detect depression disorders post stroke. These included: the Beck 
Depression Inventory; Beck Depression Inventory Fast Screen; Brief 
Assessment Schedule Depression Cards; Center for Epidemiological Studies 
Depression Scale; General Health Questionnaire with 30 items (GHQ-30) and 
General Health Questionnaire with 28 items (GHQ-28); Geriatric Depression 
Scale; Geriatric Depression Scale 15; Hospital Anxiety and Depression Scale; 
Montgomery-Asberg Depression Rating Scale; Patient Health Questionnaire 2; 
Stroke Inpatient Depression Inventory; Symptom Checklist 90; Wakefield 
Depression Inventory; Yale Question. The following questionnaire, not listed by 
Lincoln et al. (2012), was also included in this review: Hamilton Rating Scale 
for Depression. The researcher also included questionnaires used with patients 
with communication problems. These scales included: Aphasic Depression 
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Rating Scale; Depression Intensity Scale Circles; Signs of Depression Scale; 
Smiley Faces; Stroke Aphasic Depression Questionnaire 10; Stroke Aphasic 
Depression Questionnaire Hospital version 21; Stroke Aphasic Depression 
Questionnaire Hospital version 10; Visual Analog Mood Scales; Visual Analog 
Mood Scales Sad item, Visual Analog Mood Scales Self-Esteem Scale (Lincoln 
et al., 2012). 
Additionally, this review included studies that used either structured or semi-
structured interviews to diagnosis depression disorder after stroke. The type of 
depression measurement was expanded to include the following: Structured 
Clinical Interview for the DSM-III; Structured Clinical Interview for the DSM-VI; 
Present State Examination; and Schedules for Clinical Assessment in 
Neuropsychiatry. When a depression disorder scale was reported in the study 
and not listed above, the researcher checked back through the references to 
clarify whether this scale is used to measure depression. 
2.2.2 Search method for identification of studies 
Types of studies 
Published between January 1980 and December 2013, three types of study were 
selected: identify cohort, cross-sectional and case-control studies. The rationale for 
the limiting the search to period from the early 1980's onwards was that the 
examination of the relationship between post-stroke cognitive dysfunction and 
depression disorder conducted before then was very rare. Furthermore, extending 
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the searches for 33 years allowed including many studies, in order to increase the 
accuracy of this systematic review. 
The review included only those studies that conducted correlation analysis to 
examine the relationship between overall cognitive dysfunction and depression 
disorder after stroke. Moreover, it included studies that sought to identify this 
correlation using at least one of the applications of the correlational statistical 
techniques. A final restriction pertained to language: non-English studies were 
excluded. 
Study identification 
To identify all relevant published studies conducted between January 1980 and 
December 2013, the following online databases were searched: Medline (May 
1981 – December 2013; Appendix 1), EMBASE (March 1983 – December 2013; 
Appendix 2), and PsycINFO (January 1982 – December 2013; Appendix 3). The 
search strategy involved combining a number of terms for stroke. These terms 
included: stroke/ cerebrovascular accidents/ cerebral ischemia/ brain damage/ 
ischemia/ cerebrovascular disorders/ haemorrhage/ cerebral haemorrhage/ 
subarachnoid haemorrhage/ cardiovascular system/ geriatrics/ Alzheimer‟s 
disease/ embolisms/ thromboses. A range of terms describing cognitive 
dysfunction were also used, including: cognitive ability/ cognitive impairment/ 
cognitive processes/ cognitive psychology/ cognitive appraisal/ cognitive 
rehabilitation/ cognitive neuroscience/ cognitive assessment/ cognition/ 
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neuropsychology/ neuropsychological rehabilitation/ neuropsychological 
assessment/ Mini Mental State Examination/ dementia/ vascular dementia/ 
semantic dementia/ senile dementia/ Alzheimer‟s disease. Likewise, other key 
terms were used for describing depression disorder: depression/ major depression/ 
long-term depression (neuronal)/ depression (emotion)/ psychiatric symptoms/ 
emotional disturbances/ emotional states/ psychiatric evaluation/ psychological 
assessment/ Beck Depression Inventory/ Zung Self Rating Depression Scale/ 
Psychological Screening Inventory. All titles identified in the search were reviewed 
for consideration. In addition, the reference lists of all retrieved studies, as well as 
the bibliographic references of existing reviews, were subsequently scrutinised for 
potentially relevant studies. All citations were assessed for relevance based on the 
study‟s abstract. Where it was not clear whether a study was eligible, the full article 
was accessed for further consideration. 
Data extraction and analysis 
To determine whether all the inclusion criteria were met, the researcher reviewed 
all of the selected articles. The data were then extracted and tabulated before 
being analysed. The following data were collected about each study: 
 Full citation: authors; year of publication; country. 
 Participant characteristics: types of stroke (ischemic, thromboembolic, 
intracerebral haemorrhage, subarachnoid haemorrhage, undetermined). 
 Prevalence of overall cognitive dysfunction and prevalence of depression 
disorder. 
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 Study characteristics: sample size; settings; follow-up period. 
 Assessments used: neuropsychological tests; depression measures. 
 Findings: correlations between overall cognitive dysfunction and depression 
disorder post stroke. 
The reviewer also assessed the quality of the studies included in the review by 
adopting the recommendations of the Centre for Reviews and Dissemination 
(CRD) for undertaking systematic reviews in healthcare. According to the CRD, 
quality assessment of any study must consider the appropriateness of the study 
design, the risk of bias, the choice of outcome measures, statistical issues, the 
quality of reporting, the quality of the intervention, and generalisability. Additionally, 
the external validity, internal validity and statistical validity of the studies were 
assessed for measuring the study‟s quality (Centre for Reviews and Dissemination, 
2009). The Critical Appraisal Skills Programme (CASP) Checklist for Cohort Study 
(2013) (Appendix 5) was used to consider the strengths and weaknesses of 
evidences.   The CASP Checklist for Cohort Study includes 12 questions to help in 
the process of carefully and systematically examining study to judge its 
trustworthiness, relevance and to assess the quality and validity of the material in 
each research. 
2.3 Data analysis 
In this study, a questionnaire was created to examine the methodological nature of 
the studies reviewed, that is, how well the study was planned, and to assess the 
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general quality of the evidence. In addition, Comprehensive Meta-Analysis 
Software (CMA) was used for combining the data from the studies under review, 
with a view to examining the severity and significance of the relationship between 
overall cognitive dysfunction and depression disorder; the software executed this 
by combining the results from two or more studies. 
2.4 Results 
2.4.1 Search process 
The search produced 941 publication titles that were identified as potentially 
relevant. Of these titles, 794 were excluded on the basis that the titles did not refer 
to overall cognitive dysfunction and depression disorder after stroke, while the 
remaining 147 mentioned stroke, cognitive dysfunction and depression in the 
abstracts. Out of 147 abstracts, 57 were excluded due to the outcomes not being 
relevant to the focus of this review. The full texts of the remaining 90 articles were 
then read to determine if they were eligible based on the type of participants, the 
type of study, and the type of measures used. The reviewer excluded 73 of the 
articles for following reasons (Appendix 4): 7 were excluded as standardised 
neuropsychological or depression measurements were not used to examine the 
presence of overall cognitive dysfunction or depression post stroke; 11 were 
excluded as they did not include a correlation analysis between overall cognitive 
dysfunction and depression after stroke; 3 were excluded as the correlation values 
between cognitive dysfunction and depression after stroke were not shown in the 
findings section; 12 were excluded as they were limited to specific cognitive 
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function domains rather than overall cognitive function; 6 studies were excluded as 
they examined the relationship between lesions and depression; 4 were excluded 
as a correlation analysis was not included; 5 were excluded as they examined 
correlations between cognitive dysfunctions and hyposthenia, fatigue or functional 
outcomes; 6 were excluded as they examined prevalence or changes of cognitive 
impairment since the stroke; 12 studies were excluded as the full text was not in 
English; and 2 were excluded as they were not quantitative studies. Therefore, in 
total 17 studies met the inclusion criteria, 15 of which were identified from the 
online database searches, and 2 of which were manually retrieved from a review of 
the reference lists and bibliographies. The search process is diagrammatically 
represented in Figure 2.1. 
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Figure 2.1: Search process and excluded/included studies 
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Table 2.1: Studies suitable for systematic review 
 
Authors, year published & 
country 
 
Setting 
 
Time of 
assessme
nt since 
stroke 
 
Patient characteristics 
 
 
Overall cognitive 
dysfunction 
 
Depression 
 
N 
 
Type of stroke 
 
 
 
Age 
(years) 
(µ,SD) 
 
Gender 
(Male %) 
 
Test 
used 
 
% 
 
Test used 
 
% 
 
Robinson and Price (1982) 
USA 
 
Hospital 
6 m  
103 
Stroke 
(undetermined) 
 
63 ± 11 
 
44% 
 
- 
 
- 
 
GHQ 
30% 
12 m 16% 
 
Parikh, Lipsey, Robinson, and 
Price (1987) 
USA 
 
Hospital 
2 w  
86 
 
Thromboembolic 
stroke or an 
intracerebral 
haemorrhage 
 
60 ± 13 
 
68% 
 
- 
 
- 
 
- 
 
- 3 m 
6 m 
12 m 
24 m 
 
Starkstein et al. (1989) 
USA 
 
Hospital 
 
µ = 15.3 
days 
 
93 
 
Right 
hemisphere 
thromboembolic 
infraction or 
intracerebral 
haemorrhage 
 
61.4 ± 
10.75 
 
62.5% 
 
- 
 
- 
 
- 
Major 
18.28% 
Minor 
11.88% 
 
Eastwood et al. (1989) 
Canada 
 
Rehabilitatio
n 
 
4 m 
 
87 
 
Stroke 
(undetermined) 
 
63.3 ± 13.7 
 
63% 
 
- 
 
- 
 
ZDS 
GDS 
HRSD 
 
50% 
 
House et al. (1990) 
UK 
 
 
Community 
1 m  
128 
 
First-ever stroke 
 
71.2 
 
58% 
 
MMSE 
21%  
BDI 
80% 
6 m 26% 88% 
12 m 26% 77% 
 
Jonkman, Weerd, and Vrijens 
(1998) 
The Netherlands 
 
Hospital 
3 m  
35 
 
Stroke 
(undetermined) 
 
55.1 ± 3.8 
 
71.43% 
 
- 
 
- 
 
- 
 
- 
12 m 
 
Starr, Nicolson, Anderson, 
Dennis, and Deary (2000) 
Scotland 
 
Hospital 
 
µ = 4.3 
years 
 
49 
 
Stroke 
(undetermined) 
 
 
74.2 ± 7.9 
 
58.18% 
 
- 
 
- 
 
- 
 
- 
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Authors, year published & 
country 
 
Setting 
 
Time of 
assessme
nt since 
stroke 
 
Patient characteristics 
 
 
Overall cognitive 
dysfunction 
 
Depression 
 
N 
 
Type of 
stroke 
 
 
 
Age 
(years) 
(µ,SD) 
 
Gender 
(Male %) 
 
Test used 
 
% 
 
Test used 
 
% 
 
Spalletta et al. (2002) 
Italy 
 
 
Hospital 
 
µ = 3.10 m 
 
153 
 
First ever 
stroke 
 
66.48 ± 
13.4 
 
47.3% 
 
- 
 
- 
 
SCID-P-
DSM-IV 
 
Major = 
41% 
Minor = 
17% 
 
Narushima, Chan, Kosier, and 
Robinson (2003) 
USA 
 
Rehabilitation 
 
6 m 
 
59 
 
Intracerebral 
haemorrhage 
or cerebral 
infraction 
 
58.5± 15.6 
 
76% 
 
- 
 
- 
 
- 
 
- 
 
Wilz and Barskova (2007) 
Germany 
 
Rehabilitation 
 
3 m 
 
81 
 
Stroke 
(undetermined) 
 
58 
 
66% 
 
- 
 
- 
 
CDS 
21% 
 
15 m 
18% 
 
Passier et al. (2009) 
Netherlands 
 
Hospital 
 
3 m 
 
111 
 
Subarachnoid 
haemorrhagic 
 
52.8 ± 13 
 
18% 
 
Battery 
 
Mild 46.8% 
Severe 
25.2% 
 
BDI-II 
 
39.6% 
 
Duits, Munnecom, van 
Heugten, and van 
Oostenbrugge (2008) 
The Netherlands 
 
 
Hospital and 
community 
 
4 m 
 
105 
 
Stroke 
(undetermined) 
 
50 ± 13 
 
40.95% 
 
Battery 
 
 
74% 
 
CLCE-24 
 
42% 
 
Farner et al. (2010) 
Norway 
 
 
 
 
Rehabilitation 
 
13 m 
 
126 
 
Ischemic or 
haemorrhagic 
stroke 
 
75.0 ± 11.3 
 
54% 
 
- 
 
- 
 
MADRS 
 
48% 
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Authors, year published & 
country 
 
Setting 
 
Time of 
assessme
nt since 
stroke 
 
Patient characteristics 
 
 
Cognitive dysfunction 
 
Depression 
 
N 
 
Type of 
stroke 
 
 
 
Age 
(years) 
(µ,SD) 
 
Gender 
(Male %) 
 
Test used 
 
% 
 
Test used 
 
% 
 
Lamb, Anderson, Saling, and 
Dewey (2013) 
Australia 
 
Hospital 
 
6 m 
 
25 
 
First ever 
stroke 
 
67 ± 10 
 
64% 
 
ABNAS 
 
92% 
 
- 
 
- 
 
Taylor-Piliae, Hepworth, and 
Coull (2013) 
USA 
 
Community 
 
µ = 3.3 
years 
 
100 
 
Stroke 
(undetermined) 
 
70 ± 10 
 
54% 
 
- 
 
- 
 
CES-D 
 
35% 
 
Hosking and Marsh (2013) 
New Zealand 
 
 
Hospital 
 
12 m 
 
67 
 
Ischemic 
stroke or 
intracerebral 
haematoma 
 
74.0± 7 
 
48% 
 
Battery 
 
28% 
 
GDS 
 
33% 
 
Allan et al. (2013) 
UK 
 
Hospital 
3 m  
355 
 
Ischemic and 
haemorrhagic 
stroke 
 
80 ± 4.10 
 
51.8% 
 
- 
 
- 
 
GDS 
31.7% 
1 y 30.2% 
4 y 35.7% 
8 y 39.6% 
Abbreviations: (-) not reported
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2.4.2 Patient characteristics 
The review included 17 studies with a combined sample of 1,763 participants. Data 
were extracted on participant demographics, and the types of stroke recorded in 
each study were tabulated in Table 2.1. All studies included only adult samples; 
mean ages of the samples ranged from 50 to 80 years (µ = 64.70 ± 8.54). The 
proportion of men ranged from 18% to 76% (µ = 55.59%). The type of stroke 
recorded in the participant sample of each study was also tabulated. Ten studies 
reported that stroke patients (undetermined types of stroke) were recruited; of 
those, 3 studies limited participants to a first-ever stroke. The remaining 7 studies 
investigated particular types of stroke, including: thromboembolic stroke or 
intracerebral haemorrhage; right hemisphere thromboembolic infarction or 
intracerebral haemorrhage; cerebral infarcts; subarachnoid haemorrhagic and 
ischemic and haemorrhagic stroke. Additionally, the selected studies included both 
hospital-based settings (10 studies) and community-based studies (2 studies). 
Recruitment from both hospital- and community-based settings was found in 1 
study. Those in the hospital settings were undergoing treatment while in 4 studies 
participants were admitted to a rehabilitation setting. 
2.4.3 Time of assessment since stroke 
The reviewer also tabulated the initial assessment and follow-up periods recorded 
by each study. Two studies reported a mean (µ) period after stroke for the whole 
sample. The reviewer calculated the mean (µ) for two studies based on „time 
elapsed since stroke‟ in subgroups. As shown in Table 2.1, 6 of the 17 studies 
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featured an assessment and reassessment strategy for monitoring overall cognitive 
dysfunction and depression disorder in post-stroke patients. Table 2.1 also 
highlights the time-point following a stroke at which patients were selected for initial 
assessment. As can be seen, 3 of the 17 studies featured an initial assessment 
within the acute post-stroke phase (i.e., within the first month). Other follow-up 
options included: three months (5 studies); four months (2 studies); six months (5 
studies); and twelve months (6 studies). Only 5 studies adopted a long-term follow-
up approach (over twelve months).  
2.4.4 Prevalence of overall cognitive dysfunction post stroke 
Out of 17 studies, only 5 reported data about the frequencies of overall cognitive 
dysfunction after stroke. According to these 5, 21-92% of participants (µ = 42.38%) 
were cognitively impaired at any time after stroke. 
2.4.5 Prevalence of post-stroke depression 
The researchers in the studies under review examined the rate of post-stroke 
depression. In 2 studies, 36.72% of patients had depression symptoms in the acute 
phase of stroke (within 1 month). Four studies estimated the frequency of 
depression to be 32.33% within three months after stroke. Two studies examined 
patients within four months of stroke and found depression in 46%. Similarly, 2 
studies assessed patients after six months and found that 56% had developed 
depression symptoms. 
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In a study with a longitudinal design, 39.1% of participants remained depressed 12 
months after stroke. The prevalence rate for depression after a period of more than 
12 months was reported to be 29.49% of patients in the studies included in this 
review. 
2.4.6 Neuropsychological measurements 
1. Cognitive dysfunction assessment 
In the studies under review, the authors utilised a wide range of 
neuropsychological instruments in order to assess overall cognitive dysfunction in 
patients. Table 2.2 presents the tests used. The Mini Mental Status Examination 
Scale (MMSE) was the most frequently used (10 of 17 studies) in assessing 
cognitive dysfunction. Furthermore, 8 of these 10 studies used the MMSE only in 
their assessment of cognitive abilities, whereas two studies used it in conjunction 
with other neuropsychological tests. In 2 of the 17 studies, a battery of five or more 
neuropsychological tests was used. 
Among the different neuropsychological tests, the Mini Mental Status Examination 
(MMSE) was found to used mostly in the past studies. At second stance, Wechsler 
Adult Intelligence Scale-Revised was used. It can be found that these tests had 
different statistical properties and therefore to allow for comparison in the current 
research, testing was necessary for their homogeneity and heterogeneity. These 
tests were helpful in assessing whether the results of the different 
neuropsychological scales are similar to each other. Calculation of effect size was 
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also necessary to eliminate the technical differences. The precision of estimates 
was measured among all the scales of neuropsychological assessment. The 
psychometric properties of different neuropsychological tests were evaluated.           
2. Depression measurement 
However, while the list of depression disorder instruments reflects a similar lack of 
overlap as the cognitive assessments used, the inconsistency is less significant. 
The dominant test identified in the review is the Hamilton Scale for Depression 
(HDS) - adopted in 5 of the 17 studies, thus accounting for 29% of the total. The 
Zung Self-rating Depression Scale was used in 4 studies overall. The Hospital 
Anxiety and Depression Scale (HADS) was used in 4 studies. Beyond those three 
tests, however, no other instrument was adopted in more than four studies at most, 
including the Beck Depression Inventory (BDI) test, used in two studies (12%). 
On the other hand, past studies were based on the results obtained through the 
Gold Standard Rating Scales such as Hamilton Rating Scale for Depression, Zung 
Self-Report Depression Scale, The Beck Depression Inventory and others. For 
comparing the results of different depression rating scale, different psychometric 
properties were considered such as reliability, inter-rater reliability, validity and cut-
off scores because these differences may lead to different findings for a similar 
research question. Furthermore, it was also confirmed that the different depression 
rating scales are able to detect clinical changes with the depression treatments. 
There was a possibility that an individual rating assessment measure is valid but 
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has low sensitivity in detecting changes. For this purpose, sensitivity analysis of the 
all the depression scales was carried out for ensuring that the effects of the 
different assessment measures are fairly stable and does not underestimate the 
effects. 
Table 2.2: List of neuropsychological tests 
 
 
Study 
 
Cognitive dysfunction 
assessment 
 
 
Depression assessment 
Robinson & Price (1982) 
 
Mini Mental Status Examination Hamilton Scale for Depression; 
Zung Self-Rating Depression 
Scale; 
Present State Examination 
Parikh et al. (1987) 
 
Mini Mental Status Examination Hamilton Scale for Depression; 
Zung Self-Rating Depression 
Scale; 
Present State Examination 
Starkstein et al. (1989) Mini Mental Status Examination Hospital Anxiety and 
Depression Scale; 
Zung Self-rating Depression 
Scale; 
Present State Examination 
Eastwood et al. (1989) 
 
Mini Mental Status Examination Zung Self-rating Depression 
Scale; 
Geriatric Depression Scale; 
Hamilton Scale for Depression 
House (1990) 
 
Mini Mental Status Examination The Beck Depression 
Inventory 
Jonkman et al. (1998) Wechsler Adult Intelligence Scale-
Revised; 
Wechsler Memory Scale 
Hospital Anxiety and 
Depression Scale; 
Present State Examination 
Starr et al. (2000) National Adult Reading Test; 
Raven‟s Coloured Progressive 
Matrices; 
Auditory Verbal Learning; 
Paced Auditory Serial Addition Test 
Verbal Fluency; 
Wechsler Adult Intelligence Scale-
Revised (Mental Arithmetic); 
Informant Questionnaire on 
Cognitive Decline in the Elderly 
Hospital Anxiety and 
Depression Scale 
Spalletta et al. (2002) Mini Mental Status Examination Hamilton Depression Rating 
Scale. 
Narushima et al. (2003) Mini Mental Status Examination Hamilton Depression Rating 
Scale. 
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Wilz and Barskova 
(2007) 
 
Patient Competency Rating Scale The Cornell Depression Scale 
Passier et al. (2010) Wechsler Adult Intelligence Scale-III 
(Back and forward digit span); 
Category Fluency; 
Ray-Osterrieth Complex Figure 
Test; 
Brixton Spatial Anticipation Test; 
Stroop Colour Word 
 
The Beck Depression 
Inventory-II-NL; 
State-Trait Anxiety Inventory 
Duits et al. (2012) Raven‟s Coloured Progressive 
Matrices; 
Rivermead Behavioural Memory 
Test; 
Trail Making Test; 
The Tower London Test (Krikorian 
Version); 
Category (animal) Fluency from the 
Groninger Intelligence Test 
Checklist for Cognitive and 
Emotional Consequences 
following Stroke-24 
Farner et al. (2010) Repeated Battery for the 
Assessment of Neuropsychological 
Status; 
Mini Mental Status Examination; 
Star Collection Test 
Montgomery and Asberg 
Depression Rating Scale 
Lamb et al. (2013) Neuropsychological Assessment 
Schedule; 
Repeatable Battery for the 
Assessment of Neuropsychological 
Status 
Hospital Anxiety and 
Depression Scale 
Taylor- Piliae and Ruth 
(2013) 
Mini Mental Status Examination Epidemiological Studies-
Depression Scale 
Hosking and Marsh 
(2013) 
Wechsler Adult Intelligence Scale-
Revised; 
The National Adult Reading Test; 
Controlled Oral Word Association 
Wechsler Memory Scale-Revised 
Geriatric Depression Scale 
Allan et al. (2013) Mini Mental Status Examination; 
Cambridge Cognitive Examination 
DSM-IV Criteria for major 
depression; 
Geriatric depression scale; 
The observer-rated Cornell 
Scale 
 
2.4.7 Quality of studies 
Table 2.3 summarises the quality of the studies included in this review. All of these 
studies computed the correlation coefficients between overall cognitive dysfunction 
and depression in patients either soon after a stroke or at a longer follow-up. The 
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hypothesis, aim, and objectives of all 17 studies were the same. The aim was to 
determine the correlation coefficients between overall cognitive dysfunction and 
depression disorder after stroke, at different points in time after the stroke 
occurred. Seven studies used for meta-analysis were longitudinal studies (≥ 12 
months follow-up) with few differences in the points of time of the initial and follow-
up assessments. Robinson and Price (1982) used repeated assessment during a 
12-month period at various intervals ranging from 5 months to 18 years after the 
time of the stroke. Parikh et al. (1987) used 2 weeks and 3, 6, 12, and 24 months 
after the time of the stroke. House (1990) used three time-points: 1, 6 and 12 
months after the stroke. Jonkman et al. (1998) used 3, 6, and 12 months after 
stroke. Wilz and Barskova (2007) measured at 3 and 15 months post stroke. 
Hosking and Marsh (2013) measured at 12 months and Allan et al. (2013) used 3 
time-points after stroke: 1, 4 and 8 years after the stroke. 
Moreover, 12 studies explicitly used a cross-sectional design to identify the 
relationship between overall cognitive dysfunction and depression post stroke. 
These studies used fixed points of neuropsychological assessment ranging from 
15.3 days to 6 months post stroke. Four studies under this systematic review did 
not report the exact time of psychological assessment. External validity explains 
how much the results can be generalised. In these 17 studies, no major exclusion 
criterion was used, with the exception of Robinson and Price (1982) and Parikh et 
al. (1987). Age details of the studies were given for 7 of these 17 studies: Starr et 
al. (2000); Wilz and Barskova, (2007); Narushima et al. (2003); Farner et al. 
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(2010); Duits et al. (2012); Hosking and Marsh (2013); and Allan et al. (2013). 
Gender details of the study‟s population were included in only four studies: Wilz 
and Barskova (2007); Farner et al. (2010); Duits et al. (2012); and Hosking and 
Marsh (2013). 
Internal validity refers to how well a study was conducted; subjects who are 
unlikely to contribute to the results of the study are discounted from the study. For 
the present meta-analysis, the cohort-excluding percentages were as follows: 
Robinson and Price (1982) 19.42%; Starkstein et al. (1989) 63.39; Eastwood et al. 
(1989) 17.9%; Spalletta et al. (2002) 53.64%; Narushima et al. (2003) 43.3%; 
Passier et al. (2010) 41.42%; Farner et al. (2010) 35.1%; Lamb et al. (2013) 
66.6%; Hosking and Marsh (2013) 65.4%; and Allan et al. (2013) 49.7%.  
„Loss-to-follow-up‟ is a circumstance in which a study loses contact with a research 
subject, resulting in missing information. For the meta-analysis, the percentage of 
loss-to-follow-up in these studies was 74.42% for Parikh et al. (1987), 25.86% for 
House (1990), and 19.75% for Wilz and Barskova (2007). The justifications for 
using the measurements selected were included for almost all 17 studies with the 
exception of seven studies (Robinson and Price, 1928; Starkstein et al., 1989; 
Eastwood et al., 1989; House, 1990; Jonkman et al., 1998; Spalletta et al., 2002; 
and Wilz and Barskova, 2007). Level of sensitivity and specificity were included in 
5 studies (Parikh et al., 1987; Wilz and Barskova, 2007; Lamb et al., 2013; Hosking 
and Marsh, 2013; and Allan et al., 2013). The cut-off scores for overall cognitive 
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dysfunction were included for nine studies (Parikh et al., 1987; House, 1990; 
Narushima et al., 2003; Wilz and Barskova, 2007; Farner et al., 2010; Lamb et al., 
2013; Taylor-Piliae and Ruth, 2013; Hosking and Marsh, 2013; and Allan et al., 
2013). The cut-off scores for post-stroke depression were included for all studies 
with the exception of five studies (Robinson and Price, 1982; Starkstein et al., 
1989; Eastwood et al., 1989; Starr et al., 2000; and Spalletta et al., 2002). 
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Table 2.3: Assessing the strength of evidences 
 
 Authors, year published 
 
 
Criteria 
 R
o
b
in
so
n
 an
d
 P
rice 
(1
9
8
2
) 
 P
arik
h
 et al. 
(1
9
8
7
) 
S
tark
stein
 et al. 
(1
9
8
9
) 
 E
astw
o
o
d
 et al. 
(1
9
8
9
) 
H
o
u
se (1
9
9
0
) 
Jo
n
k
m
an
 et al. 
(1
9
9
8
) 
S
tarr et al. (2
0
0
0
) 
S
p
alletta et al.  
(2
0
0
2
) 
N
aru
sh
im
a et al. 
(2
0
0
3
) 
W
ilz an
d
 B
arsk
o
v
a 
(2
0
0
7
) 
 P
assier et al. (2
0
1
0
) 
D
u
its et al. ( 2
0
1
2
) 
F
arn
er et al. (2
0
1
0
) 
L
am
b
 et al. (2
0
1
3
) 
T
ay
lo
r- P
iliae an
d
 
 R
u
th
 (2
0
1
3
) 
H
o
sk
in
g
 an
d
 M
arsh
 
(2
0
1
3
) 
A
llan
 et al. (2
0
1
3
) 
Study details  
Hypothesis/aim/ 
objective 
+ + + + + + + + + + + + + + + + + 
Characteristics of the 
population 
- - - - - + + - + + + + + - + + + 
Time points of assessment 12m 2w, 3, 6, 
12, 24 m 
- 4m 1,6,12 m 3,6, 
12m 
- - - 3,15m 3 m 2 w 12-15m 6m 3.3 y 12 m 1,4,8y 
Period of recruitment 18m - - 18m 9 m -   - 25 m 6 y 4 y 23 m 4 m 18 m 10 m 24 m - - 
External validity  
No major exclusion criteria 
(≤ 5 criteria) 
- - + + + + + + + + + + + + + + + 
Age details of study 
population 
- - - - - + - - + + - + + - - + + 
Sex details of study 
population 
- - - - - - - - - + - + + - - + - 
Internal validity  
Cohort excluded % 19.42 - 63.39 17.9 - - - 53.64 43.3 - 41.42 - 35.1 66.66 - 65.1 49.72 
Cohort lost  
follow-up % 
- 74.42 - - 25.86 - - - - 19.75 - - - - - - - 
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Measurements  
Justifications for using - + - - - - + - + - + + + + + + + 
Level of sensitivity - + - - - - - - - + - - - + + + - 
Level of specificity - + - - - - - - - + - - - + + + - 
Cut-off scores for CD - + - - + - - - + + - - + + + + + 
Cut-off scores for DD - + - - - + - - + + + + + + + + + 
Abbreviations: (+) clearly included, (-) not reported, (d) days, (w) weeks, (m) months, (y) years, (CD) cognitive dysfunction, (DD) depression disorder
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2.4.8 Meta-analysis results for correlation coefficients between overall 
cognitive dysfunction and depression disorder post stroke rated from 
questionnaires 
2.4.8.1 Correlation coefficients for all 17 studies 
The meta-analysis results are presented in figures below. The Figure 2.2 has 
provided a visual summary of the strength and significance of the relationships 
model between overall cognitive dysfunction and depression questionnaire for all 
the 17 studies together. It shows that the correlation coefficient between overall 
cognitive dysfunction and depression disorder after stroke is r = - 0.06 (95% CI – 
0.11 to - 0.01) (p = 0.01). The meta-analysis found the correlations ranged from - 1 
to 1. For further detecting the relationships, the research was focused in assessing 
how many studies have investigated significant outcomes and how many studies 
have reported non-significant outcomes. The forest plot analysis (Figure 2.2) has 
substantiated that both types of studies were included in the research. 9 of 17 
studies (Parikh et al., 1987; House et al., 1990; Starr et al., 2000; Spalletta et al., 
2002; Narushima et al., 2003; Wilz and Barskova, (2007); Passier et al. 2010; Duits 
et al. 2012; Allan et al. 2013) reported significant relationship between overall 
cognitive dysfunction and depression disorder at any time since stroke. 
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Figure 2.2: Correlation coefficients between post stroke overall cognitive dysfunction and depression disorder for all 17 studies 
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For publication bias, Egger‟s test employed to explore whether there is significant 
publication bias in the study (Figure 2.3). The test confirmed that there exists no 
publication bias at 5% significance level (P = 0.115) for the 17 studies.   
Figure 2.3: Publication bias test for all 17 studies 
 
Additionally, the meta-analysis results for the relationship between overall cognitive 
dysfunction and depression disorder were divided according to time since stroke. 
They are presented in five forest plots below.  
2.4.8.2 Correlation coefficients within the acute phase (1 month of stroke) 
In 3 of 17 studies (Parikh et al., 1987; Starkstein et al., 1989; House et al., 1990), 
the relationship between overall cognitive dysfunction and depression disorder was 
investigated within the first month of stroke. The meta-analysis found the 
correlations ranged from -0.5 to 0.5. Figure 2.4 shows that the correlation 
coefficient between overall cognitive dysfunction and depression disorder after 
stroke is r = - 0.13 (95% CI – 0.23 to – 0.03) (p = 0.01). For further detecting of the 
relationships, the research was focused on assessing how many studies have 
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investigated significant outcomes and how many studies have reported non-
significant outcomes. The forest plot analysis (Figure 2.4) has substantiated that 
both types of studies were included in the research. 2 of 3 studies (Parikh et al., 
1987; House et al., 1990) reported significant relationship between overall 
cognitive dysfunction and depression disorder within the acute phase of stroke.  
Figure 2.4: Correlation coefficients within the acute phase (1 month of stroke) 
 
 
For publication bias, Egger‟s test in (Figure 2.5) confirmed that there exists no 
publication bias at 5% significance level (P = 0.062) for the 3 studies. 
Figure 2.5: Publication bias test for studies examined the relationship within 
acute phase of stroke 
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2.4.8.3 Correlation coefficients 3 months after stroke 
 Out of 17 studies, 6 studies (Parikh et al., 1987; Eastwood et al., 1989; Jonkman 
et al., 1998; Spalletta et al., 2002; Wilz and Barskova, 2007; Passier et al., 2010) 
reported a relationship between overall cognitive dysfunction and depression 
disorder 3 months after stroke. The meta-analysis in Figure 2.6 found that the 
correlations ranged from -1and 1. The correlation coefficient between overall 
cognitive dysfunction and depression disorder after stroke is r = - 0.09 (95% CI – 
0.18 to – 0.00) (p = 0.04). For further detecting of relationships, the research was 
focused on assessing how many studies have investigated significant outcomes 
and how many studies have reported non-significant outcomes. The forest plot 
analysis (Figure 2.6) has substantiated that both types of studies were included in 
the research. 3 of 6 studies (Spalletta et al., 2002; Wilz and Barskova, 2007; 
Passier et al., 2010) reported a significant relationship between cognitive 
dysfunction and depression disorder after 3 months of stroke. 
Figure 2.6: Correlation coefficients 3 months after stroke 
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For publication bias, Egger‟s test in (Figure 2.7) confirmed that there exists no 
publication bias at 5% significance level (P = 0.485) for the 6 studies. 
Figure 2.7: Publication bias test for studies examined the relationship after 3 
months of stroke 
 
2.4.8.4 Correlation coefficients 6 months after stroke 
Out of 17 studies, 6 studies (Robinson & Price, 1982; Parikh et al., 1987; House et 
al., 1990; Narushima et al., 2003; Duits et al., 2012; Lamb et al., 2013) used 6 
months after stroke as the time-point to assess the relationship between overall 
cognitive dysfunction and depression. Figure 2.8 shows that the correlation 
coefficient between overall cognitive dysfunction and depression disorder after 
stroke is r = 0.09 (95% CI 0.00 to 0.18) (p = 0.05) and the meta-analysis found that 
the correlations ranged from -0.5 to 1. For further detecting relationships, the 
research was focused on assessing how many studies have investigated 
significant outcomes and how many studies have reported non-significant 
outcomes. The forest plot analysis (Figure 2.8) has substantiated that both types of 
studies were included in the research. 5 of 6 studies (Parikh et al., 1987; House et 
al., 1990; Narushima et al., 2003; Duits et al., 2012; Lamb et al., 2013) reported a 
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significant relationship between overall cognitive dysfunction and depression 
disorder after 6 months of stroke. 
Figure 2.8: Correlation coefficients 6 months after stroke 
 
For publication bias, Egger‟s test employed to explore whether there is significant 
publication bias in the study (Figure 2.9). The test confirmed that there exists no 
publication bias at 5% significance level (P = 0.113) for the 6 studies. 
Figure 2.9: Publication bias test for studies examined the relationship after 6 
months of stroke 
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2.4.8.5 Correlation coefficients 12 months after stroke 
In 4 of 17 studies (Parikh et al., 1987; House et al., 1990; Hosking and Marsh, 
2013; Allan et al., 2013), the relationship between overall cognitive dysfunction and 
depression disorder was examined 12 months after stroke. Figure 2.10 is a visual 
summary of the strength and significance of this relationship. The meta-analysis 
found that the correlations ranged from -0.5 to 0.5. The correlation coefficient 
between overall cognitive dysfunction and depression disorder after stroke is r = - 
0.20 (95% CI – 0.28 to - 0.11) (p < 0.001). For further detecting the relationships, 
the research was focused on assessing how many studies have investigated 
significant outcomes and how many studies have reported non-significant 
outcomes. The forest plot analysis (Figure 2.10) has substantiated that both types 
of studies were included in the research. 3 of 4 studies (Parikh et al., 1987; 
Hosking and Marsh, 2013; Allan et al., 2013) reported a significant relationship 
between overall cognitive dysfunction and depression disorder after 12 months of 
stroke.  
Figure 2.10: Correlation coefficients 12 months after stroke 
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For publication bias, Egger‟s test in (Figure 2.11) confirmed that there exists no 
publication bias at 5% significance level (P = 0.370) for the 4 studies. 
Figure 2.11: Publication bias test for studies examined the relationship after 12 
months of stroke 
 
2.4.8.6 Correlation coefficients more than 12 months after stroke 
Six of the 17 studies (Parikh et al., 1987; Starr et al., 2000; Wilz and Barskova, 
2007; Farner et al., 2010; Taylor- Piliae and Ruth, 2013; Allan et al., 2013) used 
time-points of between 13 and 24 months after stroke to examine the relationship 
between overall cognitive dysfunction and depression questionnaires scores. The 
meta-analysis in Figure 2.12 found that the correlations ranged from -0.5 to 0.5. 
The correlation coefficient between overall cognitive dysfunction and depression 
disorder after stroke is r = - 0.09 (95% CI – 0.17 to – 0.01) (p = 0.02). For further 
detecting of relationships, the research was focused on assessing how many 
studies have investigated significant outcomes and how many studies have 
reported non-significant outcomes. The forest plot analysis (Figure 2.12) has 
substantiated that both types of studies were included in the research.  3 of 6 
studies (Parikh et al., 1987; Starr et al., 2000; Allan et al., 2013) reported a 
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significant relationship between overall cognitive dysfunction and depression 
disorder after more than 12 months of stroke.  
Figure 2.12: Correlation coefficients more than 12 months after stroke 
 
 
For publication bias, Egger‟s test in (Figure 2.13) confirmed that there exists no 
publication bias at 5% significance level (P = 0.923) for the 6 studies. 
Figure 2.13: Publication bias test for studies examined the relationship more than 
12 months of stroke 
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2.4.8.7 Summary of findings of the correlation coefficients between overall 
cognitive dysfunction and depression disorder 
The findings of the meta-analysis were summarised in terms of the time-intervals 
that were used in each assessment. This categorisation (Table 2.4) helps to 
elucidate how the timeframe after stroke influences the strength and significance of 
the relationship between overall cognitive dysfunction and depression disorder. 
Another reason behind this categorisation was to compare the period immediately 
after the stroke with a longer time-period subsequent to the stroke. 
Table 2.4: Summary of meta-analysis findings 
 
Investigation 
 
Time since stroke 
Relationship 
 
r P value 
(Parikh et al., 1987; Starkstein et 
al., 1989; House et al., 1990) 
Within the acute phase 
(1 month) 
 
 
- 0.13 
 
0.01 
(Parikh et al., 1987; Eastwood et 
al., 1989; Jonkman et al., 1998; 
Spalletta et al., 2002; Wilz and 
Barskova, 2007; Passier et al., 
2010) 
 
 
3 months 
 
- 0.09 
 
0.04 
(Robinson & Price, 1982; Parikh et 
al., 1987; House et al., 1990; 
Narushima et al., 2003; Duits et al., 
2012; Lamb et al., 2013) 
 
 
 
6 months 
 
 
0.09 
 
 
0.05 
(Parikh et al., 1987; House et al., 
1990; Hosking and Marsh, 2013; 
Allan et al., 2013) 
 
 
12 months 
 
 - 0.20 
 
< 0.01 
(Parikh et al., 1987; Starr et al., 
2000; Wilz and Barskova, 2007; 
Farner et al., 2010; Taylor- Piliae 
and Ruth, 2013; Allan et al., 2013) 
 
Between 13 and 24 
months 
 
 
- 0.09 
 
 
0.02 
All 17 studies together  At any time since 
stroke 
- .06 0.01 
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2.5 Discussion 
Seventeen published studies were reviewed. This review revealed that correlations 
between overall cognitive function and depression after stroke were of varying 
strength and significance. The strength the relationship varied from moderate to 
weak in the studies under review, depending on the type of time-interval used for 
the post-stroke assessment. The meta-analysis found that overall cognitive 
dysfunction was positively and significantly related to depression disorder at 6 
months after stroke. A positive relationship between these two disorders indicated 
that at 6 months after stroke, as the level of cognitive dysfunction increases so too 
does the level of depression. The meta-analysis results further showed that overall 
cognitive function was significantly negatively correlated with depression at 1, 3, 12 
and more than months after stroke. It showed that, with a decrease in overall 
cognitive function after stroke, the severity of depression increases. Similarly, the 
review found a significant negative significant relationship between overall 
cognitive dysfunction and severity of depression post stroke regardless of the time 
since stroke. It confirmed that, with the decrease in overall cognitive function at any 
time after stroke, the severity of depression disorder increases. 
It can be concluded, based on the 17 studies reviewed, that the relationship 
between the overall cognitive dysfunction and depression disorder in post-stroke 
patients has not been confirmed. Although the findings showed a significant 
relationship between cognitive dysfunction and depression disorder at all time-
intervals after stroke, the correlation coefficients showed that this strength of this 
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relationship was at a low level. It was also found that, despite the paucity of studies 
on the relationship between cognitive dysfunction and depression disorder post 
stroke, there were four factors which may lead to heterogeneity in the strength and 
significance of the relationship between the two variables. These four factors will 
be explored in more depth in the following sections. 
Timing of neuropsychological assessment after stroke 
„Timing of assessment after stroke‟ was identified as an important factor in terms of 
the statistical significance of the relationship between overall cognitive dysfunction 
and depression disorder after stroke. However, a significant correlation between 
the overall cognitive function and depression was found consistently in those 
studies that used time-intervals within first year of stroke for their assessments. On 
other hand, most of the studies indicated that this relationship was weak and not 
statistically significant at time-intervals of more than 12 months after stroke. For 
example, 8 studies in this review (Parikh et al., 1987; Eastwood et al., 1989; 
Starkstein et al., 1989; House, 1990; Spalletta et al., 2002; Wilz & Barskova, 2007; 
Duits et al., 2012; Passier et al., 2010) indicated in their findings that depression 
disorder is significantly related to overall cognitive dysfunction in the early period (< 
12 months), whereas only 1 study (Lamb et al., 2013) found that this relationship is 
not significant in the early term (< 12 months). On the contrary, 5 studies in this 
review (Robinson et al., 1982; House, 1990; Jonkman et al., 1998; Wilz and 
Barskova, 2007; Taylor- Piliae and Ruth, 2013) found no significant relationship 
between depression and cognitive dysfunction in the longer term (> 12 months). 
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Additionally, only 1 study (Parikh et al., 1987) found a strong, significant 
relationship in the longer term (> 12 months). 
We can also observe this significant relationship between overall cognitive 
dysfunction and depression disorder through longitudinal studies. For example, 
both Parikh et al. (1987) and House (1990) found significant relationships between 
cognitive dysfunction, assessed using the MMSE, and depression disorder, at 1 
and 6 months after stroke, however 12 months after stroke, Parikh et al. (1987) 
found that this relationship is still significant whereas House (1990) found that it 
was not significant. 
Therefore, it can be depicted that the first year of the neuropsychological 
evaluation after the stroke is a relevant factor in determining the significance of the 
relationship between overall cognitive function and depression disorder. In 
particular, 6 and 12 months after stroke are valuable in assessing the relationship 
between these two variables.  The reason behind that are effects of overall 
cognitive dysfunction on recovery after 6 and 12 months of stroke. This disorder 
can increase mortality and disability rates, as well as lengthen the duration of 
patients‟ hospital stay. It might lead to depression because patients are unable to 
return to their usual life. As well as, those survivors who suffer from cognitive 
dysfunction often require a re-evaluation of their life in terms of individual goals, 
guidelines and directions, as well as review their social activities in order to take 
into account stroke-induced cognitive insufficiencies. 
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Methodological issues 
The heterogeneity in the relationship between overall cognitive dysfunction and the 
severity of depression after stroke may be explained by differences in the aims and 
methodologies of the 17 studies reviewed. In practical terms, the objective of any 
particular study usually determines the type of measures, tools and methods that 
are adopted. In this regard, most of the studies in this review examined the 
relationship between lesions in the brain after a stroke and post-stroke depression 
in patients by analysing data either from CT-scans or MRI results, as well as from 
some screening neuropsychological instruments, to assess patients‟ cognitive 
abilities. This may be insufficient, given that neuropsychological tests, by their very 
nature, can provide only general scores estimating a patient‟s cognitive abilities. To 
take an important example, in addition to barriers to using the MMSE to assess 
cognitive dysfunction among stroke patients, it consists of 30 questions, and is 
intended as a screening tool to indicate where more detailed neuropsychological 
testing is needed. It is therefore insufficient for providing a comprehensive or 
precise assessment of the different domains of cognitive functioning. 
Despite this argument, the use of more robust assessments that include different 
subscales is still lacking. Likewise, few of the studies under review utilised a 
battery of cognitive assessment tests to examine post-stroke cognitive dysfunction, 
and this may influence the findings. Firstly, a wide range of cognitive abilities can 
potentially be disturbed after a stroke. Secondly, using independent scales to 
examine a specific function enables researchers to obtain a more valid and reliable 
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assessment of the patient‟s cognitive dysfunctions, than using a general 
neuropsychological tool such as the MMSE. 
Neuropsychological assessment methods 
Post-stroke cognitive dysfunction invariably involves multiple cognitive domains, it 
is clearly necessary to conduct neuropsychological assessment using a battery of 
tests, which allows for the examination of each domain in detail in order to get a 
clearer picture of the nature of the cognitive dysfunction that may be present. This 
will enrich our understanding of any relationship that may emerge between an 
overall or specific cognitive function and the presence of depression disorder. 
Considering the studies in this review, the meta-analysis found that the strength 
and significance of the relationship were inconsistent across the studies. Possible 
reason for this is: (1) the cut-off scores chosen in each study, for example, the cut-
offs for the MMSE ranged between 15 and 23 in the 8 studies that used the MMSE 
in this review; (2) validation of the tests listed to assess cognitive dysfunction after 
stroke; or (3) the use of neuropsychological tests that have not been widely 
validated. For instance, the Wechsler Adult Intelligence Scale (WAIS) was used in 
only 5 studies. Similarly, the Wechsler Memory Scale (WMS), the Trial Making 
Test, and the Wisconsin Card Sorting Test, were all used at an equally low 
frequency. More surprisingly, in addition to those tools that were rarely used or 
mentioned, a number of neuropsychological tests that are considered to be valid 
and sensitive instruments for assessing stroke patients were missing altogether 
from this review. For example, the Addenbrooke‟s Cognitive Examination (ACE-R) 
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presents a tool of satisfactory sensitivity and specificity for assessing cognitive 
domains in stroke patients (Gaber, Parsons, & Gautam, 2011). In addition, the 
Montreal Cognitive Assessment (MoCA) has superior sensitivity to assess 
cognitive domain after stroke compared to the MMSE (Pendlebury, Mariz, Bull, 
Mehta, & Rothwell, 2012). Yet, neither the ACE-R nor the MoCA were used in any 
of the 17 studies considered in this review. 
The selection of neuropsychological scales used in the studies under review often 
depended on stroke patients‟ characteristics and the exclusion criteria applied, 
which can limit the range of characteristics of the participants. In this context, 
aphasia is often a barrier when verbal tests are used. In particular, severe aphasia 
was an exclusion criterion in most of the studies under review, and its correlation 
with post-stroke depression has been left equally unexamined. No study out of the 
17 reviewed included patients who suffered from severe aphasia and used non-
verbal screening assessment. Moreover, all depression scales that were 
categorised under depression in Table 2.2 were intended to be administered 
verbally. 
Neuropsychological assessment settings 
Another important observation produced by this review concerns the nature of the 
settings chosen to conduct the studies under consideration. In particular, this 
review has shown that the majority of studies were undertaken in hospitals or 
rehabilitation units rather than in communities. Therefore, the finding of this study 
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can identify the possibility of relationship between overall cognitive dysfunction and 
depression in the hospital-setting but not in the community-setting. Community 
settings yield much larger sample sizes of patients with cognitive dysfunction, 
compared with those in hospital settings. However, the studies under review 
purposefully selected participants in the early stages post stroke, namely within the 
acute phase, as well as at 3 and 6 months after stroke. Participants in those stages 
post stroke are more likely to be found in admission wards, while rehabilitation 
wards primarily provide services for the period starting 3 to 6 months post stroke. 
This was evidenced in the studies under review here, with the hospital-based and 
rehabilitation-based samples being larger than the single, community-based 
sample. This particular community-based study also happened to be the only 
longitudinal study with follow-up periods at one year and more, post stroke. 
2.6 Limitations of the review process 
Some limitations of this study should be acknowledged. The review process was 
limited to three databases and dissertations were not searched. This review also 
limited studies to English language only as the researcher did not have the 
resources to translate from different languages. Grey literature (unpublished) was 
also not searched. This may increase the risk of bias. Lastly, the review process in 
this study was conducted by a single researcher. 
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2.7 Conclusion 
Despite having reviewed published studies dating back 33 years, little was known 
about the relationship between overall cognitive dysfunction, rated by 
neuropsychological testing, and depression after stroke. Most of the reviewed 
studies included the examination of this relationship as an incidental component of 
their aim rather than as the focal point of their investigation. Based on an 
examination of the relevant studies in this review, there is evidence to suggest that 
a correlation exists between overall cognitive dysfunction and depression disorder 
post stroke. The meta-analysis found that a correlation between overall cognitive 
function and depression after stroke existed and varied between moderate or 
weak. However, further investigation is needed into this relationship with regard to 
the time elapsed since the stroke and the nature of the neuropsychological 
assessment used. This will provide valuable insight that will enable health 
professionals to identify stroke patients who are at high risk of developing 
depression and enable better targeting of the prevention and treatment of cognitive 
and depression disorders post stroke. 
2.8 Recommendations for future studies on the relationship between 
cognitive dysfunctions and depression disorder after stroke 
 
In light of the above, it can be proposed that further research is needed to identify 
the influence of important factors on the strength and significance of the 
relationship between overall cognitive dysfunction and depression disorder after 
stroke. More specifically, further studies are needed to explore the influence of the 
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timing of the measurement after a stroke, issues over the study‟s methods, and the 
neuropsychological assessment used to examine the relationship between the two 
variables. A consistent approach to determine the correlations between post-stroke 
cognitive dysfunction and depression disorder would facilitate a more accurate 
understanding of this subject area as well as a proper comparison of the research 
findings. 
Future studies need to focus on overall cognitive dysfunction, in addition to 
individual cognitive domains after stroke, using neuropsychological measurements 
as opposed to the more commonly used, brief screening measures such as the 
MMSE. In addition, it is recommended that follow-up assessment be used to 
identify the relationship between cognitive dysfunction and depression disorder 
after stroke. Future studies should ensure that baseline assessments are 
conducted during the early stages of stroke (that is, within 6 months of the stroke 
occurring), since stroke patients are likely to be physically and psychologically 
unstable during the early stages. The follow-up assessments need to be conducted 
separately in the later stages, at 6 and 12 months post stroke. In the later stages, 
patients may show signs of stability which would ensure more reliable tracking of 
the development of depression disorder in relation to overall cognitive dysfunction. 
Lastly, participants for future studies should ideally be selected from communities 
or multiple centres as this will increase the sample size and produce more 
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representative samples, which will help to enhance the reliability and validity of the 
empirical findings. 
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Chapter Three: General Method 
3.1 Introduction 
This chapter presents details of the methodology adopted to identify the 
relationship between post-stroke cognitive dysfunctions and post-stroke mood 
disorders in Saudi Arabia. This chapter is organised into the following sections: 
design, selection of participants, ethical considerations, procedures, clinical 
assessment protocol, standardised psychometric assessment procedures, 
demographic and clinical data, and statistical analysis. These methods will help in 
accomplishing the following primary and secondary objectives. 
 Primary objectives 
1. To investigate whether a statistically significant relationship exists between 
the severity of mood disorders and cognitive dysfunctions in stroke patients. 
2. To examine whether there are significant differences between stroke patients 
with and without mood disorders in terms of their cognitive functions. 
 Secondary objectives 
This study also aimed to determine the prevalence of the following in a Saudi 
Arabian sample: 
1. Post stroke anxiety disorder at least one month after stroke. 
2. Post stroke depression disorder at least one month after stroke. 
3. Cognitive dysfunctions (orientation/ attention deficit, memory disorder, 
visuospatial problems, fluency difficulties, language delay, visual neglect, 
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executive dysfunctions, and overall cognitive dysfunction) at least one month 
after stroke. 
3.2 Design 
An observational design was undertaken to identify the prevalence of and 
relationship between cognitive dysfunctions and mood disorders after one month or 
more following an ischemic or haemorrhagic stroke. Both primary and secondary 
objectives were accomplished by addressing them in terms of one study. The study 
took place between 1 December 2013 and 31 December 2015. 
3.2.1 Design for Chapter 4: Prevalence of post-stroke cognitive dysfunctions 
in Saudi Arabia 
An observational method was employed to collect descriptive information about the 
prevalence of cognitive dysfunctions in a Saudi stroke population. The researcher 
observed and systematically collected information about the research subjects but 
did not try to change them or their circumstances. The assessment of the cognitive 
functioning of each participant was the primary source of information to be 
collected and analysed. A cross-sectional survey design was used because it 
facilitated the examination of association between stroke and cognitive 
dysfunctions by collecting data on „exposure‟ and „outcome‟ at a single point in 
time. This investigation defined „exposure‟ as the occurrence of ischemic or 
haemorrhagic stroke, while „outcome‟ is the presentation of cognitive dysfunctions. 
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3.2.2 Design for Chapter 5: Prevalence of post-stroke mood disorders in 
Saudi Arabia 
An observational method was undertaken to identify the prevalence of mood 
disorders one month or more following an ischemic or haemorrhagic stroke. A 
follow-up assessment, after three months, was also carried out to explore any 
variations within the observed frequencies of anxiety and depression after stroke. 
The participants in the follow-up group were contacted by telephone three months 
after baseline assessment. The researcher implemented the telephone follow-up 
assessment. Each telephone call lasted 10 to 15 minutes. The researcher 
communicated with participants via telephone to examine the patient‟s mood using 
the HADS with emphasis on the importance and necessity of compliance of the 
ethical considerations in this study. 
3.2.3 Design for Chapter 6: Relationship between cognitive dysfunctions and 
mood disorders in Saudi stroke patients 
An observational method was used to examine post-stroke mood disorders 
(anxiety and depression), and their relationship with dysfunctions in 
orientation/attention, memory, fluency, language, visuospatial ability, visual 
neglect, executive functions and overall cognitive function in a hospital-based 
sample of first-ever stroke patients in Saudi Arabia. 
3.3 Selection of participants 
Participants were recruited from three medical centres in Riyadh, the capital city 
Saudi Arabia: King Fahad Medical City, King Abdulaziz Medical City and Prince 
Chapter 3: General Method 
116 
 
Sultan Bin Abdulaziz Humanitarian City. On average, 700 stroke patients per year 
are admitted to each of these centres.  
In King Fahad Medical City (KFMC), approximately 300 stroke patients are 
admitted to the KFMC stroke programme annually, of which 85% are ischemic 
stroke cases. The centre provides two stroke-prevention clinics weekly; about 10-
12 stroke patients visit these clinics every week. A structured database for the 
acute stroke unit has been maintained by KFMC since 2005, and the centre also 
received Joint Commission International accreditation for their stroke programme. 
The second centre, King Abdul-Aziz Medical City (KAMC), admits approximately 
1,600 stroke patients annually to the SANG Health Affairs Stroke Program in the 
KAMC. Almost half of the stroke patients have no or mild deficits. These patients 
are usually admitted to ICU for 4-6 days. Patients in need of rehabilitation are given 
the opportunity to reside in acute stroke unit for 6 weeks. Of these patients, 10-
15% may die or require long-term placement due to severe disability. Discharged 
patients are also examined every 6 weeks within the stroke clinic. This hospital has 
also received Joint Commission International Accreditation for their stroke 
programme.         
The third centre, Prince Sultan bin Abdulaziz Humanitarian City (SBAHC), has 
three stroke wards, two of which are dedicated to men and one to women. 
Approximately 288 patients are admitted to each ward every year; 70% males and 
30% females. Among these patients, a large portion – almost 90% – are ischemic 
stroke patients. These patients are allowed to stay in the centre for 12 weeks 
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divided into three periods of admission. This centre has also received accreditation 
from the Joint Commission International Accreditation. 
 The following criteria were applied to potential participants. 
Inclusion criteria 
 
Participants who satisfied the following criteria were deemed eligible for 
participation in the study: 
 aged 18 years and over; 
 definitive diagnosis of first-ever ischemic or haemorrhagic stroke had been 
documented in their medical notes by a Consultant Neurologist according to 
CT-scan results; 
 at least one month since onset of stroke (to increase likelihood of patient being 
medically stable); 
 assessed by a neurologist, nursing staff, or a speech therapist to be: 
conscious, orientated, and able to sufficiently comprehend and communicate 
informed consent. 
Exclusion criteria 
 
Participants were excluded from the study if they satisfied any of the following 
conditions: 
 Severe dementia was documented in their medical charts. 
 Severe aphasia was documented in their medical charts. 
Chapter 3: General Method 
118 
 
 Chronic psychiatric or other concurrent neurological disorders were 
documented in their medical charts. 
 A history of alcohol or drug abuse was documented in their medical charts; 
 Participant was blind or deaf (required for standardised administering of 
neuropsychological assessments). 
 Participant was non Saudi citizen. 
 Participant was unable to speak or understand Arabic (neuropsychological 
assessments were in Arabic). 
 Participant was medically unstable. 
3.4 Ethical considerations 
Ethical considerations were important for ensuring the integrity of the research 
process. 
3.4.1 Informed consent 
The researcher respected the rights of the participants to choose what would or 
would not happen to them by ensuring that satisfactory standards of informed 
consent were met. Thus, before participation, the researcher ensured protection of 
both the participants and the researcher himself by communicating clearly and 
obtaining clear agreement from the participants.  
Participants were provided with information about the research aims, the research 
procedure, and the potential risks and benefits. It was also clearly communicated 
to participants that they could withdraw from the study at any time. Since the study 
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was concerned with measuring the prevalence of neuropsychological dysfunctions 
and mood disorders, it was recognised that some participants might not have the 
cognitive ability to fully understand this information, which could compromise the 
ability of the researcher to obtain informed consent. In these cases, a third party 
(legal representatives of patients) was used who acted in the best interests of the 
participant. Legal representatives for the purpose of current study were family 
members, carers and blood-relations of the participant. They gave consent on 
behalf of their patients. Third parties were provided with access to the research 
process so that they could withdraw the participant from the study at any time if 
they felt it was not in the best interest of the participant. 
The researcher introduced the study to the participants as follows (in Arabic): 
 “My name is Sami, and I am a PhD student at the medical school at the University 
of Nottingham in the UK. I am conducting a study about the prevalence of cognitive 
dysfunctions, anxiety and depression disorders after having a stroke. The study is 
supervised by Prof. Nadina Lincoln and Dr. Shirley Thomas, and has received 
ethical approval from the Faculty of Medicine & Health Sciences (FHMS) Research 
Ethics Committee, University of Nottingham, UK. If you decide to participate in my 
study, you will be asked to give your responses to four questionnaires, using 
pencils to mark your response on the forms provided. These will take about 60 
minutes to complete. You are not forced to participate in this study and can 
withdraw anytime during the process. Kindly consider all the details and do not 
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hesitate to ask any question. If you confront any difficulties with reading, your 
caregiver‟s support will be appreciated”. 
3.4.2 Confidentiality and privacy 
The researcher respected the confidentiality and privacy of all participants. As part 
of informed consent, participants were made aware of the personal and 
demographic data that were accessed by the researcher, and that the researcher 
would have access to medical files and medical personnel regarding the 
participants‟ medical histories and health status. Further, for maintaining privacy, 
assessments from participants were conducted in a private room in the hospital or 
medical centre.    
3.4.3 Other ethical considerations 
 Participants gave their written informed consent to participate. For those who 
were illiterate or had reading difficulties, their legal representatives were 
allowed to help them to review information about participation and sign the 
consent form on the patient‟s behalf (refer to the ethical approval in Section 
3.2.2 above for further details). 
 In the event that the Hospital Anxiety and Depression Scale identified a high 
level of depression or anxiety in a participant, the researcher obtained 
permission verbally from the participant to pass on their assessment results to 
his internal supervisor in the medical centre.  
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 If the participant was distressed during the assessment, he or she took a half-
hour break from the assessment, after which they were asked whether they 
wanted stop and continue at another time. 
3.4.4 Ethical approvals 
The study design, as well as the information sheet and consent form, were 
approved by the following organisations: 
 The Faculty of Medicine & Health Sciences (FHMS) Research Ethics 
Committee, University of Nottingham, UK, (Reference no. D12122013 SoM 
Rehab & Age).  
 King Abdullah International Medical Research Centre, National Guard, Riyadh, 
Saudi Arabia, (Reference no. SP13/018). 
 Institutional Review Board in King Fahad Medical City, Ministry of Health, 
Riyadh, Saudi Arabia (Reference no. 13-256E). 
 Prince Sultan bin Abdulaziz Humanitarian City, Research Ethics Committee, 
Riyadh, Saudi Arabia (Reference no. 01/2014). 
3.5 Procedures 
The researcher attended the outpatient clinics and in-patient wards in King Fahad 
Medical City (KFMC), King Abdul-Aziz Medical City for National Guard (KAMC), 
and Prince Sultan bin Abdulaziz Humanitarian City (SBAHC). 
The Consultant Neurologist, physiotherapist or nursing staff identified whether the 
patients were able to participate, based on the above-mentioned selection criteria. 
Chapter 3: General Method 
122 
 
The recruitment process was further categorised into outpatient recruitment and in-
patient recruitment. 
Outpatient recruitment  
For those in outpatient clinics, the Consultant Neurologist informed eligible patients 
about the study and invited their participation, at the end of their appointment. 
Those who agreed to speak to the researcher were referred to an investigation 
room to meet him (S. A.) after their appointment. 
In-patient recruitment  
Regarding patients who had already been admitted to rehabilitation centres, ward 
staff identified whether such patients were eligible to participate in this study and 
informed such patients about the study. The researcher approached only those 
patients who had given permission for him to speak to them about the study. The 
researcher visited them in their hospital rooms to discuss their participation. 
3.6 Clinical assessment protocol 
Initially, the medical staff were informed about the study objectives and the 
inclusion criterion for participation. It was important that the medical personnel 
supported the study, as they played a significant role in the identification and 
recruitment of appropriate patients for participation in the study. Neurologists and 
nursing staff, both in the wards and outpatient clinics, assisted the researcher in 
identifying patients who satisfied the inclusion criteria, and informed the relevant 
patients about the study, requesting permission for the researcher to approach 
them to provide further information. Outpatients who agreed to participate met the 
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researcher in a private examination room, while in-patients admitted to the wards 
were approached in the privacy of their rooms.  
After welcoming patients, the researcher introduced himself and explained the 
research objectives and procedures. Information about the study was given 
verbally to patients and their partners, along with the study information sheet 
(Appendix 6). The researcher gave the patients and their partners the opportunity 
to read the information sheet and consent form, while the researcher remained 
available to answer any questions. When both parties were satisfied, the patient 
was asked to sign a consent form. Patients were given a break after reading the 
consent form to rest or use the toilet. Their consent was obtained before starting 
the assessments; after consent was obtained, the neuropsychological assessment 
commenced. 
The assessment began with three neuropsychological tests (the Addenbrooke‟s 
Cognitive Examination – Revised; Trail Making Test; and Apple Cancellation Test), 
before administering the Hospital Anxiety and Depression Scale (HADS). 
Demographic data were obtained from patients after the examination session, as 
well as from medical staff and medical charts. To measure performance in 
activities of daily living (ADL), staff were asked to complete the Barthel Index (BI) 
for the patients for the purposes of the study. It took up to two hours to collect all 
the data from each patient. After the assessment, patients were thanked for 
participating in this research. 
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3.7 Materials 
In order to provide a consistent environment, the neuropsychological assessments 
were conducted in the hospital setting by the PhD student who is a qualified clinical 
psychologist. This limited contamination of assessment by confounding factors. 
The researcher himself is registered by the Saudi Commission for Health 
Specialties as a qualified health professional and for working as a clinical 
psychologist in Saudi Arabia.  
Other factors that may affect neuropsychological assessment after stroke were the 
validity and reliability of tests. The assessments were selected after considering 
their validity and reliability in measuring cognitive dysfunction and mood disorders. 
The measures chosen were also found to be suitable for assessing an Arabic 
sample. Furthermore, these assessments – which included presenting numerical 
and alphabetical sequences and figures – were short enough to complete without 
overtiring the participant. 
Three types of psychological measurement were used: neuropsychological 
assessment; a mood disorders questionnaire; and a demographic questionnaire, 
which gathered data on the patients‟ demographic and stroke characteristics. An 
experienced clinical psychologist administered each test, discussed in more detail 
below. 
The selection of tests for the purposes of this study was undertaken primarily 
based on their suitability for the chosen sample group, notably in terms of linguistic 
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and cultural characteristics. This was in order to mitigate the impact of individual 
variations – notably in terms of their education level – on the validity of the results. 
3.7.1 Standardised neuropsychological assessment procedures 
Three neuropsychological tests were used for assessing the prevalence of 
cognitive dysfunctions among the participants. These tests were selected after 
considering their stability with the Saudi Arabian sample. Assessing the degree of 
sensitivity and specificity of these three tests in identifying cognitive problems 
within the Saudi Arabian population, the researcher found stability for each of these 
tests as compared to other population groups. Details of these three measures are 
provided below. 
3.7.1.1 The Arabic Addenbrooke’s Cognitive Examination – Revised (Arabic 
ACE-R) 
The ACE-R (Mioshi et al., 2006) has been heralded for its diagnostic accuracy as a 
cognitive screening tool. It incorporates questions from the MMSE and expands on 
the domains of orientation/attention, memory, fluency, language and visuospatial 
ability. Al Salman (2013) developed an Arabic version of the ACE-R, which was 
used in this study. One of the clinical advantages of using the Arabic ACE-R is that 
no specialised equipment or trained assessors are required, and it only takes 
approximately 20 minutes to administer (Mathuranath, Nestor, Berrios, Rakowicz, 
& Hodges, 2000). The cut-off points for this the Arabic ACE-R are highly 
associated with the age-bands, although literacy and illiteracy also played an 
important role in deciding cut-off points for both the categories of assessment i.e., 
Chapter 3: General Method 
126 
 
Receiver Operating Curve (ROC) and the fifth percentile range. Thus, variables 
such as age and level of education do not influence the predictive outcome, 
compared to other screening measures such as the MMSE (Mathuranath et al., 
2000). 
For the literate group, the cut-off points of 73 for the fifth percentile range showed 
good sensitivity and specificity for identifying patients with an experimental 
diagnosis of either Alzheimer‟s disease or mild cognitive impairment. Within the 
sub-categories, based on the age-bands of this literate group, it was identified that 
participants in the 50s age-band showed cut-off points of 83 for the fifth percentile 
range while participants in the 60+ age-band showed cut-off points of 71 for the 
fifth percentile range (Al Salman, 2013).  
For the illiterate group, the cut-off points of 69 for the fifth percentile were used. 
The examination of the Receiver Operating Curve (ROC) revealed the 
effectiveness of the Arabic ACE-R in distinguishing, with high sensitivity and 
specificity, between healthy controls and patients with a diagnosis of having either 
Mild Cognitive Impairment (MCI) or dementia of the Alzheimer‟s type (DAT). 
Moreover, within the sub-categories, based on the age-bands of the illiterate group, 
it was identified that participants in the 50s age-band showed cut-off points of 72 
for the fifth percentile range while participants in 60s age-band showed cut-off 
points of 69 for the fifth percentile range, and for the 70+ age-band, the cut-off 
points were 66 for the fifth percentile range. Internal reliability was found to be high, 
that is, well above 0.9 in both types of assessment (Al Salman, 2013). 
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3.7.1.2 Apple Cancellation Test 
The Apple Cancellation Test was developed as part of the Birmingham Cognitive 
Screen (BCOS) (Humphreys, Bickerton, Samson, & Riddoch, 2012). It was 
designed in such a way that the education or culture of the participants does not 
bias the results of the test. The Apple Cancellation Task provides a measure of 
different forms of neglect associated with visuospatial deficits. The most common 
visuospatial disorder post stroke is unilateral neglect, whereby the patient is 
unaware of the side of the body affected by stroke and therefore neglects this side 
(Chechlacz et al., 2012). 
The BCOS (2012) stipulate the administering and scoring of the test as follows: 
The test was designed on size A4 size paper with a depiction of 50 apples on each 
sheet. As shown in Figure 3.2, these apples were divided equally into 10 
indistinguishable boxes, that is, 15 apples in each column. In each box, there are 5 
complete apples (targets), 5 right opening incomplete apples and 5 left opening 
incomplete apples (distracters). Each participant was given five minutes to cancel 
out complete apples only. 
This Apple Cancellation Test takes into account scores for total visual neglect, 
egocentric neglect and allocentric neglect:  
 Visual neglect – total was considered to assess the targets selected by the 
participants in both left- and right-side boxes. The cut-off for the total number of 
target omissions was 42/50; based on, 5th percentile and across age groups. 
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 Egocentric neglect refers to the patient‟s inattentiveness to stimuli presented 
on the side of the body opposite to the site of the brain lesion (contralesional). 
The examination of egocentric neglect was made through the analysis of the 
number of targets missed by the participants. The asymmetry score for left and 
right-side egocentric neglect was calculated using the formula: 
(No. correct in boxes 7 + 8 + 9 + 10) minus (No. correct in boxes 1 + 2 + 3 +4) 
The minimum score was - 20 and the maximum was 20. Negative values 
indicate that more targets were selected on the left than on the right side (right 
egocentric neglect) and positive values indicate that more targets were 
selected on the right than on the left side (left egocentric neglect). The cut-off 
scores for the left- and right-side egocentric neglect were shown in Table 3.1; 
based on 5th percentile and across age groups. Additionally, for the purpose of 
comparison between subgroups, the scores were rescored to remove the 
direction, so that the score = 0 represented no egocentric neglect and the 
score = 20 represented severe egocentric neglect. 
 Allocentric neglect refers to the patient‟s inattentiveness to the contralesional 
side of individual objects. The assessment of allocentric neglect was made by 
examining the number of distracters cancelled by the participant. The 
asymmetry score for left- and right-side allocentric neglect was calculated 
using the formula: 
(No. false positive with LEFT opening) minus (No. false positive with RIGHT opening) 
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The minimum score was - 50 and the maximum was 50. Negative values 
indicate (right allocentric neglect) and positive values indicate (left allocentric 
neglect). The cut-off scores for the left- and right-side allocentric neglect were 
shown in Table 3.1; based on 5th percentile and across age groups. For the 
purpose of comparison between subgroups, the scores were rescored to 
remove the direction, so that (the score = 0) represented no allocentric neglect 
and (the score = 50) represented severe allocentric neglect in either directions. 
Figure 3.1: Sample item for the Apples Cancellation Test 
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Figure 3.2: Template for scoring the Apple cancellation 
 
 
 
Table 3.1: Cut-off scores based on fifth percentile for the Apple Cancellation Test 
 
Types of  visual neglect ≤ 64 years-
old 
65-74 years-
old 
≥ 75 years-
old 
Egocentric 
neglect  
Right <  2  <  2 <  2 
Left >2 >3 >3 
Allocentric 
neglect 
Right <  1  <  1  <  1  
Left >1 >1 >1 
             
3.7.1.3 Trail Making Test – Arabic version 
The Trail Making Test (TMT) consists of two parts: A and B. Although TMT 
provides information about attention, visual search speed, scanning, speed of 
processing, mental flexibility, as well as executive functioning (Tombaugh, 2004), 
Part A was used in this investigation primarily to examine visual motor skills while 
Part B used to examine executive functions. 
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In the TMT, the participant is instructed to connect a set of 25 dots as fast as 
possible while still maintaining accuracy (Arnett & Labovitz, 1995). In the figures 
given below for Part A, circles numbered 1-25 are presented to the patient who is 
instructed to draw lines to connect the numbers in ascending order (Tombaugh, 
2004). In Part B, the circle includes numbers 1-13, as well as letters A-L. In 
addition to drawing lines to connect the circles in ascending pattern, there is the 
additional task of alternating between the numbers and letters (i.e., 1-A-2-B-3, etc.) 
(Tombaugh, 2004). A participant was required to connect the circles as quickly as 
possible without lifting the pen. If the patient made an error, the researcher pointed 
out the error and the patient was required to correct it. Errors, therefore, affect the 
time the patient took to complete the task, thereby affecting the score. The test was 
suspended after 5 minutes, regardless of whether the patient had completed the 
task or not. The higher the time scores (in terms of how fast participants reached 
their targets compared to others), the higher the indication of dysfunctions in 
executive function. However, a key skill needed to complete this task is the fine 
motor skill of drawing lines quickly. Therefore, when a participant showed upper-
limb paralysis or uncoordinated movement was present, as was likely after a 
stroke, the researcher considered the validity of the test and this was noted in the 
analysis of the results. The cut-off score for the Arabic version was based on age 
for Part A and on age and education for Part B, as shown in Table 3.3 (Stanczak, 
Stanczak, & Awadalla, 2001). 
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Figure 3.3: Sample items for form A and B of the Arabic TMT 
 
Source: Reproduced from Stanczak, Stanczak, and Awadalla ( 2001) 
Table 3.2: Scoring for TMT Parts A and B by age and level of education 
 
Age in years Percentiles 
(10%) 
Part A 
(Seconds) 
Parts B (Seconds) 
Education level 
attained 
≤ Grade 12 > Grade 12 
65- 69 10 53 137 77 
70- 74 10 61 172 112 
75 and over 10 70 189 178 
 
3.7.2 Standardised mood-disorders assessment procedures 
 
3.7.2.1 The Hospital Anxiety and Depression Scale (HADS) 
The Hospital Anxiety and Depression Scale was designed to detect states of 
anxiety and depression distress amongst patients who were being treated for a 
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variety of clinical conditions (Zigmond & Snaith 1983). The scale was not designed 
to be a clinically diagnostic tool (Whelan-Goodinson et al. 2009). The HADS was 
devised for brief measurement of both anxiety and depression disorders, with 7 of 
its 14 items assessing depression and 7 assessing anxiety. In the present study, 
the Arabic version of the HADS (El-Rufaie & Absood, 1987) was used. El-Rufaie 
and Absood (1987) found this scale to be reliable and show significant levels of 
sensitivity and specificity. Similarly, Malasi, Mirza, and El‐Islam (1991) concluded 
that the psychometric properties of the Arabic version of the HADS has high 
sensitivity and specificity scores (79% and 87% respectively) for measuring both 
anxiety and depression. 
The recommended cut-off points for stroke patients ranged from 4/5 to 5/6 for 
anxiety and from 4/5 to 7/8 for depression (Lincoln et al., 2012). However, for 
researchers using the Arabic version of HADS, El-Rufaie and Absood (1995) 
suggested cut-off points of 8/9 (sensitivity = 65.9% and specificity = 92.3%) for 
anxiety, and 5/6 (sensitivity = 69.8% and specificity = 93.3%) for depression; 
accordingly, these cut-off points were adopted in this study. 
3.7.3 Activities of daily living assessment 
 
The Barthel Index (BI) was used to measure performance in personal activities of 
daily living (ADL). The original version of the index was designed by Barthel and 
Mahoney (1965) to assess the extent to which stroke patients can function 
independently and have mobility in their ADL, including feeding, bathing, grooming, 
dressing, bowel control, bladder control, toileting, chair transfer, ambulation and 
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stair climbing. However, the current study used an updated version by Collin, 
Wade, Davies, and Horne (1988). 
3.8 Demographic and clinical data 
The patient‟s demographic data were compiled by the researcher. The collection 
process was completed mainly with the help of patients‟ medical records. However, 
if there was insufficient information in these records, the patients were asked about 
their medical history by the researcher. The demographic questionnaire elicited 
essential information about the patient, such as age, gender, literacy and treatment 
setting. It also elicited information about their history of stroke, other psychiatric 
disorders; time elapsed since stroke, side of weakness, and lesion location 
according to CT-scan results. 
Participants were divided into sub-groups based on six major variables so as to 
collect the necessary information based on a pre-determined protocol. 
 Age: From a review of the literature, the mean age of stroke patients in the 
KSA is 60-65 years. Al Rajeh, Awada, Niazi and Larbi, (1993) reported it as 63 
- 71 years while Robert and Zamzami (2014) reported 61-70 years. Similar 
findings were identified for the mean age of the global population (i.e. µ = 
64.70 ± 8.54, refer to identified patient characteristics in the systematic review 
of 17 studies in Section 2.4.2). Sixty years old was used as the average to 
divide the Saudi participants into two groups of patients: those aged 60 years 
and under, and those aged 61 years and over.  
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 Gender: Male and female. 
 Literacy: It was considered necessary to divide the sample into „literate‟ and 
„illiterate‟ subgroups, since a significant segment of the over-60 population in 
Saudi Arabia is illiterate. In this study, the level of literacy of participants was 
assessed after meeting with the research participants, based on their ability to 
read and write. In this context, the term „illiterate‟ refers to a participant who 
was unable to read and/or write, while „literate‟ indicates a participant who was 
able to read and write, or who had received a level of formal education. 
 Time since stroke: The sample was divided into two subgroups, patients at 6 
months or less since their stroke and those at 7 months or more. This variable 
was selected based on evidence from past studies showing that the first 6 
months after the stroke are sensitive for the patients as the chance of another 
stroke or permanent physical disability is higher if proper and adequate 
treatment is not obtained. In contrast, the period after the first 7 months is 
associated with a reduced chance of suffering another stroke or severe 
disability (Saxena, Ng, Yong, Fong, & Koh, 2008). 
 Side of weakness: Patients having either left- or right-side weaknesses in their 
body were considered for the purpose of present study. 
 Treatment setting: Hospital or a rehabilitation unit. 
3.9 Statistical analysis 
The statistical analyses were performed using SPSS version 22. All the factors that 
may have affected the results for the different participants were analysed. These 
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included demographic factors and other patient characteristics. The statistical 
processes used in the data analysis are specified below. 
Parametric and non-parametric tests were used for cross-relating the findings of 
different tests with each other. Non-parametric tests were selected for their validity 
for both non-normally distributed data and normally distributed data; however, 
flexible modelling could only be done using parametric tests. To conduct the 
assessment from different points including testing significance, and estimating 
parameters and confidence intervals, a mixed approach for analysis was selected 
for the current thesis. 
1- The Pearson Correlation Coefficient (r) was used to test the strength of 
relationship between mood disorders (anxiety and depression), assessed 
through the HADS scores, and activities of daily living (ADL), assessed through 
the Barthel Index (BI). 
2- A T-Test was used to compare differences between „anxious‟ and „non-
anxious‟ participant scores on the Arabic versions of the ACE-R, ACE and TMT 
(i.e., overall cognitive function, orientation/attention, memory, fluency, 
language, visuospatial ability, visual neglect, and executive functions). 
Moreover, this analysis was performed after participants had been categorised 
into „depressed‟ and „non-depressed‟ groups. 
3- A linear regression analysis (stepwise) was undertaken to analyse whether 
demographic characteristics and cognitive dysfunctions (i.e., overall cognitive 
function, orientation/attention, memory, fluency, language, visuospatial ability, 
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visual neglect, and executive functions) predicted the severity of mood 
disorders (anxiety and depression). The scores of the HADS-A and HADS-D 
were used as dependent variables, while the predictor variables adopted 
included demographic characteristics (i.e., age, gender, literacy, time since 
stroke, side of weakness, treatment setting) and the scores of the Arabic ACE-
R, ACT and TMT. A p-value of ≤ 0.05 was defined as statistically significant. 
4- The Mann-Whitney test was performed to compare differences in the Arabic 
ACE-R, ACT, TMT and HADS scores between the subgroups. The means, 
SDs, and percentiles were calculated for the Arabic ACE-R, ACT, TMT and 
HADS scores, and a Z-score was measured to confirm whether the observed 
value differed from the mean. The test helped to determine whether there are 
significant differences between stroke patients with and without mood 
disorders in terms of their cognitive functions. Chi-Square (X2) was performed 
after re-grouping all participants into two subgroups, „anxious‟ and „non-
anxious‟. Six demographic characteristics (age, gender, literacy, time since 
stroke, side of weakness, treatment setting, as stipulated in Section 3.2.3 
above) and neuropsychological dysfunctions were compared for these two 
groups. Moreover, this analysis was performed after participants had been 
categorised into „depressed‟ and „non-depressed‟ groups. 
 
Having discussed the general methods used in this study, the next chapters 
present the prevalence of post-stroke cognitive dysfunctions and mood 
disorders in the Saudi Arabia population. 
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Chapter Four: Results1: Prevalence of Post-Stroke Cognitive 
Dysfunctions in Saudi Arabia 
 
4.1 Introduction 
This chapter recounts the investigation that was conducted for assessing post-
stroke cognitive dysfunctions among the patients in three hospitals of Saudi Arabia: 
King Abdul-Aziz Medical City (KAMC), King Fahad Medical City (KFMC), and 
Prince Sultan bin Abdulaziz Humanitarian City (SBAHC). The investigation focused 
on different types of cognitive dysfunction recognised within post-stroke patients in 
Saudi Arabia. Further, this investigation aimed to identify the impact of different 
patient characteristics on the prevalence of cognitive dysfunctions. The procedures 
for data collection and neuropsychological tests in this investigation were explained 
in more detail in Chapter 3 (General method). 
4.2 Results 
4.2.1 Characteristics of participants 
The researcher reviewed the medical charts of 263 patients who were diagnosed 
with stroke. Of those, 114 (43.4%) were hospitalised for an acute stroke within a 
rehabilitation ward or outpatient clinic at King Abdul-Aziz Medical City (KAMC) 
between 23 December 2013 and 30 March 2014. In addition, 127 (48.3%) were 
admitted to stroke rehabilitation units at Sultan bin Abdul-Aziz Humanitarian City 
(SBAHC) between 13 January 2014 and 3 March 2014; and 22 (8.3%) patients 
were enlisted in the acute stroke unit, rehabilitation centre or neurology clinics at 
King Fahad Medical City (KFMC) between 27 January 2014 and 30 March 2014.  
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The inclusion and exclusion criteria specified in the research design were then 
applied to the 263 reviewed patients (Figure 4.1). Of those, 82 (31.17%) did not 
meet the criteria due to: (a) patient in a coma (n=29, 35.36%); (b) too ill to 
complete neuropsychological assessment (n=18, 21.95%); and (c) severe aphasia 
(n=11, 13.41%). Other reasons included: (d) severe dementia (n=9, 10.97%); (e) 
had transient ischemic attack (TIA) (n=6, 7.31%); (f) history of schizophrenia (n=2, 
2.43%); (g) history of epilepsy (n=1, 1.21%); (h) history of Parkinson (n=1, 1.21%); 
and (i) not Saudi (n=5, 6.09%). After excluding these individuals, the remaining 181 
were approached by the researcher to take part in this study. Seventy-two patients 
or their legal representatives (as explained in Chapter 3) declined to participate, 
while nine (4.97%) patients withdrew from the study during the neuropsychological 
assessment. 
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Figure 4.1: Recruitment procedures 
 
As shown in Table 4.1, a total of 100 patients were assessed in this study. Data 
were collected on patient characteristics, including demographic details (age, 
gender, literacy) as well as side of weakness, time elapsed since stroke, and 
disorders, documented in the medical files as being due to ischemic or 
haemorrhagic stroke. 
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Table 4.1: Characteristics of participants (n= 100) 
 
 
Characteristics  
 
Distribution 
Age (years)  
Mean 60.53 
Median (min. to max.) 
SD 
60 (36 to 85) 
11.26 
Gender 
Male 
Female 
 
 
76 
24 
Time since stroke (months)  
Mean (SD) 8.15 (10.49) 
Median (min. to max.) 3.00 (1 to 48) 
Literacy  
Literate 72 
Illiterate 28 
Medical centres (%)  
King Abdulaziz Medical City 40 
King Fahad Medical City 13 
Sultan bin Abdulaziz Humanitarian 
City 
47 
Side of weakness  
Right side 51 
Left side 49 
Treatment settings  
Hospitals 41 
Out-patients 13 
In-patients 28 
Rehabilitation 59 
 
4.5.2 Frequency of post-stroke cognitive dysfunctions assessed using the 
Arabic ACE-R 
Figure 4.2 shows overall frequency of post-stroke cognitive dysfunction by domain. 
It shows that, based on the 100 research participants, the prevalence of memory 
disorder was the most common cognitive dysfunction in this sample. 
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Figure 4.2: Frequency of post-stroke cognitive dysfunction by domain across the 
whole sample (n= 100) 
 
 
Figure 4.3 shows that the distribution of overall cognitive dysfunction assessed 
using Arabic ACE-R in this Saudi sample has a mean of 61.65 and SD of 28.75.  
Figure 4.3: Histogram of the distribution of total scores on the Arabic ACE-R 
across the whole sample (n= 100) 
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In terms of age, out of 100 patients, impairments in orientation/attention and 
memory functions were found to have a relatively high frequency (52.8%) in the ≤ 
60-years age group, while other functions like fluency (42.6%), language (46.8%), 
visuospatial ability (34%), and overall cognitive functioning (59.6%) were more 
frequently impaired in the ≥ 61-years age group. Similarly, in terms of gender, 
cognitive dysfunctions were found to be more prevalent in women, ranging from 
45.8% to 75% compared to 23.7% to 50% in men. 
A third demographic factor, „literacy‟, was categorised into two subgroups: literate 
(n= 72) and illiterate (n= 28). The frequencies reveal that dysfunctions in 
orientation/attention, memory, fluency, language, and visuospatial were more 
frequent in the illiterate group, range from 50% to 75% compared to 23.7% to 50% 
in the literate Saudi patients. 
Likewise, „time since stroke‟ was categorised into two subgroups: ≤ 6 months (n= 
74) and ≥ 7 months (n= 26). It was found that there is a high risk of acquiring 
35.1% to 62.2% dysfunctions in cognitive domains in first 6 months after a stroke, 
while the risk of acquiring these cognitive dysfunctions was lower, range from 
11.5% to 34.6% among Saudi patients after ≥ 7 months of suffering a stroke. The 
figures confirm the significant influence of „time after stroke‟ in the prevalence of 
cognitive dysfunctions.   
The variable „side of weakness‟ was categorised into a right-side subgroup (n= 51) 
and a left-side subgroup (n= 49). It was found that dysfunctions in all cognitive 
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domains were more prevalent in patients with a right-side weakness, range from 
35.3% to 60.8% compared to range from 22.4% to 49% among those with left-side 
weakness. 
Finally, for „treatment setting‟, mixed results were found for the prevalence of 
different cognitive dysfunctions. The findings indicate that memory disorders are 
more prevalent in those Saudi patients who were admitted to hospital settings, 
while orientation/attention are more likely to be found among the patients in 
rehabilitation settings. 
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Table 4.2: Frequency of post-stroke cognitive dysfunctions using the Arabic ACE-R (n= 100) 
 
Subgroups 
 
Domains 
 
n 
 
ACE-R Orientation/ 
attention 
 
ACE-R 
Memory 
 
ACE-R Fluency 
 
ACE-R 
Language 
 
ACE-R 
Visuospatial 
 
ACE-R Overall 
cognitive dysfunction 
Age 
≤ 60 years 
≥ 61 years 
 
53 
47 
 
28 (52.8%) 
24 (51.1%) 
 
28 (52.8%) 
27 (57.4%) 
 
16 (30.2%) 
20 (42.6%) 
 
24 (45.3%) 
22 (46.8%) 
 
13 (24.5%) 
16 (34%) 
 
24 (54.7%) 
28 (59.6%) 
Gender 
Male 
Female 
 
76 
24 
 
34 (44.7%) 
18 (75%) 
 
38 (50%) 
17 (70.8%) 
 
23 (30.3%) 
13 (54.2%) 
 
30 (39.5%) 
16 (66.7%) 
 
18 (23.7%) 
11 (45.8%) 
 
35 (46.1%) 
17 (70.8%) 
Literacy 
Literate 
Illiterate 
 
72 
28 
 
32 (44.4%) 
20 (71.4%) 
 
34 (47.2%) 
21 (75%) 
 
18 (25%) 
18 (64.3%) 
 
27 (37.5%) 
19 (67.9%) 
 
15 (20.8%) 
14 (50%) 
 
29 (40.3%) 
23 (82.1%) 
Time since 
stroke 
≤ 6 months 
≥ 7 months 
 
74 
26 
 
45 (60.8%) 
7 (26.9%) 
 
46 (62.2%) 
9 (34.6%) 
 
30 (40.5%) 
6 (23.1%) 
 
39 (52.7%) 
7 (26.9%) 
 
26 (35.1%) 
3 (11.5%) 
 
43 (58.1%) 
9 (34.6%) 
Side of 
weakness 
Right 
Left 
 
51 
49 
 
29 (56.9%) 
23 (46.9%) 
 
31 (60.8%) 
24 (49%) 
 
22 (43.1%) 
14 (28.6%) 
 
28 (54.9%) 
18 (36.7%) 
 
18 (35.3%) 
11 (22.4%) 
 
31 (60.8%) 
21 (42.9%) 
Settings 
Hospital 
Rehabilitation 
 
41 
59 
 
18 (43.9%) 
34 (57.6%) 
 
23 (56.1%) 
32 (54.2%) 
 
13 (31.7%) 
23 (39%) 
 
16 (39%) 
30 (50.8%) 
 
10 (24.4%) 
19 (32.2%) 
 
22 (53.7%) 
30 (50.8%) 
 
All cases 
 
100 
 
52% 
 
55% 
 
36% 
 
46% 
 
29% 
 
52% 
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Based on Tables 4.3, 4.4, 4.5, 4.6, 4.7 and 4.8 a post-hoc analysis using the 
Mann-Whitney test was conducted to assess differences between subgroups for all 
the domains of cognitive dysfunctions, based on median, percentile range, Z-value 
and p-value. If the absolute value of the obtained Z is less than the critical value, 
and the value of p is less than the value of alpha = 0.05 then the result for a 
subgroup in each domain was said to be significant.  
 Orientation/attention deficit  
Table 4.3 shows that age, gender, „literacy‟, and „time since stroke‟ showed 
significantly different results in terms of orientation/attention. In contrast, results for 
„side of weakness‟ and treatment setting showed no significant results. However, 
for subgroup differences, median results confirmed an increased risk of 
orientation/attention disorders in the following groups: the age subgroup of 61 
years and over; females; the illiterate subgroup; and those within 6 months of 
having a stroke. No significant differences were found for „side of weakness‟ and 
„treatment setting‟; both the hospital and rehabilitation settings showed a median of 
14. 
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Table 4.3: Differences between subgroups in post-stroke 
orientation/attention deficit (n= 100) 
 
D
o
m
a
in
 
(s
c
o
re
s
)  
Subgroups 
 
n 
 
Mean 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
O
ri
e
n
ta
ti
o
n
/a
tt
e
n
ti
o
n
 
( 
0
 t
o
 1
8
 )
 
 
    
Age 
≤ 60 years 
 
≥ 61 years 
 
53 
 
47 
 
13.62 
 
10.62 
 
4.82 
 
6.01 
 
11 
 
6 
 
16 
 
14 
 
18 
 
16 
 
 
- 2.83 * 
 
12.23 
 
9.36 
 
15.04 
 
12.64 
Gender 
Male 
 
Female 
 
76 
 
24 
 
13.03 
 
9.63 
 
5.30 
 
5.79 
 
8 
 
5.25 
 
15 
 
11 
 
18 
 
14.75 
 
 
- 2.65 * 
 
11.8 
 
7.18 
 
14.24 
 
12.07 
Literacy 
Literate 
 
Illiterate 
 
72 
 
28 
 
13.75 
 
8.25 
 
4.75 
 
5.7 
 
11 
 
4 
 
16 
 
8.5 
 
18 
 
14 
 
 
- 4.45 * 
 
12.63 
 
6.04 
 
14.9 
 
10.46 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
74 
 
26 
 
11.14 
 
15.27 
 
5.77 
 
3.66 
 
6 
 
14 
 
13 
 
17 
 
16 
 
18 
 
 
- 3.48 * 
 
9.79 
 
13.79 
 
12.47 
 
16.75 
Side of weakness 
Right 
 
Left 
 
51 
 
49 
 
11.22 
 
13.25 
 
5.99 
 
4.98 
 
6 
 
9 
 
13 
 
15 
 
17 
 
17 
 
 
- 1.62 
 
11.25 
 
9.53 
 
14.67 
 
12.9 
Treatment setting 
Hospital 
 
Rehabilitation 
 
41 
 
59 
 
12.39 
 
12.09 
 
5.45 
 
5.73 
 
7.5 
 
8 
 
14 
 
14 
 
17 
 
17 
 
 
- .03 
 
10.67 
 
10.59 
 
14.11 
 
13.57 
 
 Memory disorders  
For the memory domain, the results of the Mann-Whitney test in Table 4.4 revealed 
significant differences in patient characteristics. Age, „literacy‟ and „time since 
stroke‟ all showed significant differences, while there was no significant difference 
for gender, „side of weakness‟ and „treatment setting‟. These findings confirm that 
memory disorders are more common in those aged 61 years and over, in the 
illiterate group, and in those who suffered a stroke 6 months ago or less. 
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Table 4.4: Differences between subgroups in post-stroke memory disorder        
(n= 100) 
 
D
o
m
a
in
 
(s
c
o
re
s
)  
Subgroups 
 
n 
 
Mean 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
M
e
m
o
ry
 
( 
0
 t
o
 2
6
 )
 
     
Age 
≤ 60 years 
 
≥ 61 years 
 
53 
 
47 
 
18.47 
 
13.62 
 
6.5 
 
7.71 
 
13 
 
7 
 
18 
 
16 
 
24.50 
 
20 
 
 
- 3.09 * 
 
16.69 
 
12.03 
 
20.62 
 
16.16 
Gender 
Male 
 
Female 
 
76 
 
24 
 
17 
 
13.63 
 
7.14 
 
8.04 
 
12 
 
6 
 
18 
 
15 
 
23 
 
20.75 
 
 
- 1.88 
 
15.37 
 
10.23 
 
18.63 
 
17.02 
Literacy 
Literate 
 
Illiterate 
 
72 
 
28 
 
18.28 
 
10.82 
 
6.35 
 
7.55 
 
13.25 
 
4.50 
 
18 
 
10.50 
 
24 
 
17.50 
 
 
- 4.21 * 
 
16.79 
 
7.89 
 
19.69 
 
13.75 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
74 
 
26 
 
14.99 
 
19.62 
 
7.65 
 
5.78 
 
10 
 
15.75 
 
16 
 
20.50 
 
21 
 
25.25 
 
 
- 2.71 * 
 
13.21 
 
17.95 
 
16.76 
 
21.95 
Side of weakness 
Right 
 
Left 
 
51 
 
49 
 
15.09 
 
17.33 
 
8.04 
 
6.71 
 
10 
 
11.50 
 
16 
 
18 
 
22 
 
23 
 
 
- 1.25 
 
15.39 
 
12.84 
 
19.25 
 
17.36 
Treatment setting 
Hospital 
 
Rehabilitation 
 
41 
 
59 
 
16.63 
 
15.88 
 
7.14 
 
7.73 
 
12.50 
 
10 
 
17 
 
18 
 
22 
 
22 
 
 
- .38 
 
14.38 
 
13.87 
 
18.89 
 
17.89 
 
 Fluency disorder 
Fluency disorder was higher in those aged 61 years and over, in women, in the 
illiterate subgroup, in those within 6 months or less of suffering a stroke, and in 
those with right- side weakness. No significant differences were found for 
„treatment setting‟, with both hospital and rehabilitations showing a median of 6, as 
shown in Table 4.5. 
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Table 4.5: Differences between subgroups in post-stroke fluency disorder         
(n= 100) 
 
D
o
m
a
in
 
( 
s
c
o
re
s
 )
  
Subgroups 
 
n 
 
Mean 
 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
F
lu
e
n
c
y
 
( 
0
 t
o
 1
4
 )
 
    
 
Age 
≤ 60 years 
 
≥ 61 years 
 
53 
 
47 
 
6.96 
 
4.93 
 
4.19 
 
4.13 
 
3 
 
1 
 
7 
 
5 
 
10.50 
 
8 
 
 
- 2.49 * 
 
5.88 
 
3.9 
 
8.33 
 
6.2 
Gender 
Male 
 
Female 
 
76 
 
24 
 
6.54 
 
4.29 
 
4.26 
 
3.88 
 
2 
 
.25 
 
7 
 
3 
 
10 
 
7.75 
 
 
- 2.25 * 
 
5.57 
 
2.65 
 
7.51 
 
5.93 
Literacy 
Literate 
 
Illiterate 
 
72 
 
28 
 
7.21 
 
2.89 
 
4.06 
 
3.07 
 
4 
 
0 
 
8 
 
2 
 
10.75 
 
5 
 
 
- 4.56 * 
 
6.25 
 
1.7 
 
8.16 
 
4.08 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
74 
 
26 
 
5.20 
 
8.27 
 
4.01 
 
4.23 
 
1.75 
 
4.50 
 
5 
 
10 
 
9 
 
12 
 
 
- 3.25 * 
 
4.27 
 
6.56 
 
6.13 
 
9.98 
Side of weakness 
Right 
 
Left 
 
51 
 
49 
 
5.19 
 
6.84 
 
4.12 
 
4.29 
 
2 
 
2 
 
5 
 
8 
 
9 
 
10 
 
 
- 1.89 * 
 
5.6 
 
4.04 
 
8.07 
 
6.35 
Treatment setting 
Hospital 
 
Rehabilitation 
 
41 
 
59 
 
5.88 
 
6.08 
 
3.93 
 
4.52 
 
2 
 
2 
 
6 
 
6 
 
9.50 
 
10 
 
 
- .27 
 
4.64 
 
4.91 
 
7.12 
 
7.26 
  
 Language disorder 
Language disorder was more frequent in those aged 61 years and older, in 
women, in the illiterate subgroup, and in those who suffered a stroke within 6 
months ago, as shown in Table 4.6. 
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Table 4.6: Differences between subgroups in language disorder post 
stroke (n= 100) 
 
D
o
m
a
in
 
( 
s
c
o
re
s
 )
  
Subgroups 
 
n 
 
Mean 
 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
L
a
n
g
u
a
g
e
 
( 
0
 t
o
 2
6
 )
 
   
 
Age 
≤ 60 years 
 
≥ 61 years 
 
53 
 
47 
 
20.75 
 
17.75 
 
5.47 
 
8.83 
 
18 
 
6 
 
23 
 
20 
 
25 
 
23 
 
 
- 3.01 * 
 
19.3 
 
13.91 
 
22.57 
 
18.57 
Gender 
Male 
 
Female 
 
76 
 
24 
 
19.38 
 
15.29 
 
7.01 
 
8.79 
 
15.25 
 
7 
 
22 
 
18.5 
 
24.75 
 
22 
 
 
- 2.28 * 
 
17.78 
 
11.58 
 
20.98 
 
19.01 
Literacy 
Literate 
 
Illiterate 
 
72 
 
28 
 
20.69 
 
12.5 
 
5.88 
 
8.51 
 
19 
 
3 
 
23 
 
14.50 
 
25 
 
20.75 
 
 
- 4.96 * 
 
19.31 
 
9.2 
 
22.07 
 
15.8 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
74 
 
26 
 
17.38 
 
21.31 
 
7.97 
 
5.77 
 
13 
 
19.50 
 
20 
 
23 
 
23.25 
 
25 
 
 
- 2.63 * 
 
15.53 
 
18.98 
 
19.23 
 
23.64 
Side of weakness 
Right 
 
Left 
 
51 
 
49 
 
17.02 
 
19.84 
 
8.35 
 
6.58 
 
13 
 
16 
 
20 
 
22 
 
23 
 
25 
 
 
- 1.78 
 
17.95 
 
14.67 
 
21.73 
 
19.37 
Treatment setting 
Hospital 
 
Rehabilitation 
 
41 
 
59 
 
18.59 
 
18.27 
 
7.49 
 
7.68 
 
15 
 
13 
 
22 
 
21 
 
24 
 
24 
 
 
- .028 
 
16.22 
 
16.24 
 
20.95 
 
20.29 
 
 Visuospatial perception disorder 
Results in Table 4.7 showed visuospatial disorder was more frequent in those aged 
61 years and over, in the illiterate subgroup, and in those who suffered a stroke 6 
months ago or less. There were no significant differences found for „side of 
weakness‟ and treatment setting. 
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Table 4.7: Differences between subgroups in visuospatial perception disorder 
post stroke (n= 100) 
 
D
o
m
a
in
 
( 
s
c
o
re
s
 )
  
Subgroups 
 
n 
 
Mean 
 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
V
is
u
o
-s
p
a
ti
a
l 
( 
0
 t
o
 1
6
 )
 
     
 
Age 
≤ 60 years 
 
≥ 61 years 
 
53 
 
47 
 
10.68 
 
6.83 
 
4.29 
 
5.32 
 
6.50 
 
2 
 
12 
 
7 
 
14 
 
12 
 
 
- 3.63 * 
 
9.55 
 
5.77 
 
12.15 
 
8.61 
Gender 
Male 
 
Female 
 
76 
 
24 
 
9.42 
 
7.13 
 
5.07 
 
5.12 
 
5 
 
3.25 
 
10 
 
6.50 
 
14 
 
11.50 
 
 
- 1.89 
 
8.26 
 
4.96 
 
10.58 
 
9.29 
Literacy 
Literate 
 
Illiterate 
 
72 
 
28 
 
10.75 
 
4.04 
 
4.39 
 
3.58 
 
8 
 
0 
 
12 
 
4 
 
14 
 
6 
 
 
- 5.78 * 
 
9.72 
 
2.65 
 
11.8 
 
5.43 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
74 
 
26 
 
8.01 
 
11.31 
 
5.27 
 
3.95 
 
4 
 
9 
 
7 
 
12 
 
12 
 
14.25 
 
 
- 2.69 * 
 
6.79 
 
9.71 
 
9.23 
 
12.9 
Side of weakness 
Right 
 
Left 
 
51 
 
49 
 
8 
 
9.78 
 
5.23 
 
4.97 
 
5 
 
5 
 
8 
 
11 
 
12 
 
14 
 
 
- 1.69 
 
8.34 
 
6.53 
 
11.2 
 
9.47 
Treatment setting 
Hospital 
 
Rehabilitation 
 
41 
 
59 
 
8.59 
 
9.07 
 
5.42 
 
4.99 
 
5 
 
5 
 
10 
 
10 
 
14 
 
14 
 
 
- .35 
 
6.88 
 
7.76 
 
10.29 
 
10.37 
 
 Overall cognitive dysfunction 
Table 4.8 shows that overall cognitive dysfunction differed significantly for the 
following patient characteristics: age, gender, „literacy‟, and „time since stroke‟, 
while „side of weaknesses‟ and treatment setting were not found to be significant. It 
further shows that overall cognitive disorder is high in those aged 61 years and 
over, in females, in the illiterate subgroup, and in those within 6 months or less of 
suffering a stroke. 
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Table 4.8: Differences between subgroups in post-stroke overall cognitive 
dysfunction (n= 100) 
 
D
o
m
a
in
 
( 
s
c
o
re
s
 )
  
Subgroups 
 
n 
 
Mean 
 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
O
v
e
ra
ll 
c
o
g
n
it
iv
e
 d
y
s
fu
n
c
ti
o
n
 
( 
0
 t
o
 1
0
0
 )
 
   
 
Age 
≤ 60 years 
 
≥ 61 years 
 
53 
 
47 
 
70.75 
 
51.38 
 
23.83 
 
30.54 
 
49.50 
 
22 
 
74 
 
56 
 
93 
 
77 
 
 
- 3.10 * 
 
64.43 
 
45.04 
 
78.62 
 
61.43 
Gender 
Male 
 
Female 
 
76 
 
24 
 
65.04 
 
50.92 
 
27.31 
 
31.09 
 
44.25 
 
20 
 
72 
 
56 
 
87.50 
 
75.50 
 
 
- 2.06 * 
 
58.79 
 
37.79 
 
71.28 
 
64.04 
Literacy 
Literate 
 
Illiterate 
 
72 
 
28 
 
70.67 
 
38.46 
 
24.08 
 
27.04 
 
56.75 
 
14.25 
 
76.50 
 
42.50 
 
92 
 
66.75 
 
 
- 4.91 * 
 
65.01 
 
27.98 
 
76.32 
 
48.95 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
74 
 
26 
 
56.92 
 
75.12 
 
29.42 
 
22.13 
 
35.25 
 
63 
 
64 
 
78.50 
 
80 
 
95.25 
 
 
- 2.79 * 
 
50.1 
 
66.18 
 
63.74 
 
84.05 
Side of weakness 
Right 
 
Left 
 
51 
 
49 
 
56.47 
 
67.04 
 
30.41 
 
26.12 
 
40 
 
47 
 
63 
 
76 
 
80 
 
88 
 
 
- 1.80 
 
59.53 
 
47.92 
 
74.55 
 
65.02 
Treatment setting 
Hospital 
 
Rehabilitation 
 
41 
 
56 
 
62.07 
 
61.36 
 
28.18 
 
29.39 
 
44 
 
40 
 
68 
 
72 
 
85 
 
85 
 
 
- .018 
 
53.18 
 
53.7 
 
70.69 
 
69.01 
 
4.5.3 Frequency of visual neglect assessed using the Apple Cancellation Test 
This section shows the frequencies of visual neglect, gathered through the Apple 
Cancellation Test, according to the different patient characteristics. As shown in 
Table 4.9, Of 100 participants, only 84 completed this test. The remaining 16 were 
unable to understand the task because the impact of stroke on their cognitive 
abilities was severe. Those 16 patients failed to perform the Apple Cancellation 
Test, and were likely to obtain low scores which would eventually adversely effect 
on the prevalence of visual neglect. 
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The excluded participants included 5 females and 11 males, aged 55-81 years 
(mean = 71.94, SD = 8.93), with a „time since stroke‟ of some 3 months (mean = 
3.19 months, SD = 1.68). Eleven of these excluded participants were illiterate and 
5 were literate. Nine patients had right-side weakness and 7 had left-side 
weakness. Seven patients were in a hospital setting and 9 were in a rehabilitation 
setting. 
Table 4.9: Characteristics of participants who took Apple Cancellation 
Test (n= 84) 
 
Subgroups n = 84 
Age (years) 
Mean 
SD 
(min. to max. ) 
 
58.36 
10.336 
(36 to 85) 
Gender 
Male 
Female 
 
65 
19 
Literacy 
Literate 
Illiterate 
 
69 
15 
Time since stroke  (months) 
Mean 
SD 
(min. to max.) 
 
9.214 
11.531 
(1 to 48 ) 
Side of weakness 
Right 
Left 
 
42 
42 
Treatment setting 
Hospital 
Rehabilitation 
 
32 
52 
 
Figure 4.4 shows that the mean of scores for the Apple Cancellation Test for whole 
sample (N= 84) was 38.51 (SD = 10.55; min. = 6 and max. = 50). 
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Figure 4.4: Histogram of the distribution of total scores on the Apple 
Cancellation Test across the whole sample (n= 84) 
 
 
Table 4.10 shows the frequency of visual neglect – total assessed by the Apple 
Cancellation Test, using a cut-off score of 42/50. Of the 84 participants showing 
evidence of ischemic or haemorrhagic stroke in Saudi Arabia, visual neglect was 
found in only 30 (35.7%). Visual neglect problems were found to be more prevalent 
at 61 years of age and over (47.1%), in the illiterate subgroup (46.7%), and within 
the first 6 months after stroke (39.7%). In addition, visual neglect was higher in left-
side weakness (40.5%), and mostly found among the patients in rehabilitation 
settings (36.5%). 
   
Chapter 4: Post-Stroke Cognitive Dysfunctions 
155 
 
Table 4.10: Frequency of visual neglect – total assessed using Apple 
Cancellation Test (n= 84) 
 
Subgroups n Frequency 
Age 
≤ 60 years 
≥ 61 years 
 
50 
34 
 
13 (26%) 
16 (47.1%) 
Gender 
Male 
Female 
 
65 
19 
 
23 (38.4%) 
7 (36.8%) 
Literacy 
Literate 
Illiterate 
 
69 
15 
 
21 (30.4%) 
7 (46.7%) 
Time since stroke 
≤ 6 months 
≥ 7 months 
 
58 
26 
 
23 (39.7%) 
7 (26.9%) 
Side of weakness 
Right 
Left 
 
42 
42 
 
13 (31%) 
17 (40.5%) 
Treatment setting 
Hospital 
Rehabilitation 
 
32 
52 
 
11 (34.4%) 
19 (36.5%) 
All cases 84 30 (35.7%) 
 
Shown in Table 4.11, the results of the Apple Cancellation Test were further 
assessed using a Mann-Whitney test to examine the differences between 
subgroup factors and the extent of their significance or lack of significance in being 
associated with visual neglect - total. It was found that „literacy‟ (p = .001) „time 
since stroke‟ (p = .046), and „side of weakness‟ (p = .048) are associated with 
visual neglect -total while all the other factors, including „age‟ (p = .12), „gender‟ (p 
= .37), and treatment setting (p = .54) showed non-significant results.  
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It is necessary to consider the results of differences in percentile ranges for the 
subgroups who took the Apple Cancellation Test. Visual neglect – total was found 
to be the most common in the illiterate patients. This subgroup has a low median 
(50th percentile) of 36, compared to a higher median of 43 for the literate patients. 
For „time since stroke‟, those within 6 months or less of suffering a stroke showed a 
lower median percentile (42) compared to those who suffered a stroke 7 months 
ago or longer (45). 
 The median percentile for left-side weakness showed a lower median (41) 
compared to those with right-side weakness (44). However, no significant 
difference in the median was found for age, gender and treatment setting. This 
suggests that visual neglect – total is common in illiterate patients, in ≤ 6 since 
stroke subgroup and in those with left-side weakness. 
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Table 4.11: Differences between subgroups on the Apple Cancellation Test       
(n= 84) 
 
 
4.5.4 Frequency of visual neglect subtypes 
4.5.4.1 Right and left egocentric neglect 
Shown in Figure 4.5, the mean of asymmetry scores for the Apple egocentric 
neglect for whole sample (N= 84) was - .49 (SD = 3.056; min. = - 8 and max. = 8). 
T
e
s
t 
 
Subgroups 
 
n 
 
Mean 
 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
A
p
p
le
 C
a
n
c
e
lla
ti
o
n
 T
e
s
t 
- 
to
ta
l 
   
 
  
Age 
≤ 60 years 
 
≥ 61 years 
 
50 
 
34 
 
40.25 
 
36.6 
 
9.36 
 
11.53 
 
36.50 
 
31.25 
 
42.50 
 
41.5 
 
46 
 
45 
 
 
- 1.56 
 
 
37.88 
 
31.32 
 
43.24 
 
40.5 
Gender 
Male 
 
Female 
 
65 
 
19 
 
38.92 
 
37.2 
 
10.47 
 
10.94 
 
34.25 
 
29.5 
 
42 
 
41.50 
 
46 
 
43.75 
 
 
- .91 
 
36.56 
 
33.66 
 
41.93 
 
42.81 
Literacy 
Literate 
 
Illiterate 
 
69 
 
15 
 
40.46 
 
31.39 
 
9.14 
 
12.45 
 
36 
 
21 
 
43 
 
36 
 
46 
 
42 
 
 
- 3.34 * 
 
37.95 
 
23.76 
 
42.86 
 
37.71 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
58 
 
26 
 
37.47 
 
40.85 
 
10.75 
 
9.89 
 
33 
 
36.25 
 
42 
 
45 
 
44.25 
 
47 
 
 
- 1.99 * 
 
35.77 
 
43.78 
 
41.14 
 
44.45 
Side of weakness 
Right 
 
Left 
 
42 
 
42 
 
40.14 
 
36.88 
 
9.77 
 
11.14 
 
37.75 
 
33 
 
44 
 
41 
 
47 
 
43 
 
 
- 1.98 * 
 
 
37.34 
 
34.98 
 
44.38 
 
42.02 
Treatment setting 
Hospital 
 
Rehabilitation 
 
32 
 
52 
 
37.42 
 
39.22 
 
11.99 
 
9.55 
 
33 
 
34 
 
42 
 
42 
 
45 
 
46 
 
 
- .61 
 
 
33.81 
 
35.98 
 
42.67 
 
41.9 
  
All cases 
 
84 
 
38.51 
 
10.55 
 
33.25 
 
42 
 
46 
  
36.24 
 
41.12 
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Figure 4.5: Histogram of the distribution of asymmetry scores for the Apple 
egocentric neglect across the whole sample (n= 84) 
 
Table 4.12 shows that the frequency of asymmetry scores for the right egocentric 
neglect (negative omission error) was 21 (25% of all cases), while the frequency of 
asymmetry scores for left egocentric neglect (positive omission error) was 11 (13% 
of all cases). The frequencies for those aged ≥ 61 years with asymmetry scores for 
right and left egocentric neglect were higher than those aged ≤ 60 years. For 
gender, the frequency of asymmetry scores for the right egocentric neglect among 
men was 16 (24.7%), and similarly for women, the frequency was observed as 3 
(26.3%). However, women sample showed high frequency in the left egocentric 
neglect 4 (21.1%) compared to 7 (10.8%) among men sample. For „literacy‟, the 
illiterate subgroup showed higher frequencies in both the right and left egocentric 
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neglect compared to the literate subgroup. For „time since stroke‟, the ≤ 6-months 
subgroup showed frequencies of 17 (29.3%), and 9 (15.5%), respectively, while for 
the ≥ 7-months subgroup, the frequencies were 4 (15.4%), and 2 (7.7%), 
respectively. That means, the ≤ 6-months subgroup had right and left egocentric 
neglect more than those the ≥ 7-months subgroup. For the side of weakness, the 
frequencies of the right and left egocentric neglect were presented among the left-
side of weakness subgroup greater than the right-side of weakness subgroup. 
Similarly, the hospital subgroup showed frequencies of the right and left egocentric 
neglect more than those in the rehabilitation setting. 
Table 4.12: Frequencies of egocentric neglect (n= 84) 
 
Subgroups 
Subtype 
 
n 
Egocentric neglect 
Right   Left 
Age 
≤ 60 years 
≥ 61 years 
 
50 
34 
 
9 (18%) 
12 (35.3%) 
 
3 (6%) 
8 (23.5%) 
Gender 
Male 
Female 
 
65 
19 
 
16 (24.7%) 
5 (26.3%) 
 
7 (10.8%) 
4 (21.1%) 
Literacy 
Literate 
Illiterate 
 
69 
15 
 
15 (21.7%) 
5 (33.3%) 
 
7 (10.2%) 
4 (26.7%) 
Time since stroke 
≤ 6 months 
≥ 7 months 
 
58 
26 
 
17 (29.3%) 
4 (15.4%) 
 
9 (15.5%) 
2 (7.7%) 
Side of weakness 
Right 
Left 
 
42 
42 
 
9 (21.4%) 
13 (30.9%) 
 
3 (7.1%) 
8 (19%) 
Treatment setting 
Hospital 
Rehabilitation 
 
32 
52 
 
9 (28.1%) 
12 (23.1%) 
 
5 (15.6%) 
6 (11.5%) 
 
All cases 
 
84 
 
21 (25%) 
 
11 (13%) 
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Shown in Table 4.13, the results of the Apple Cancellation Test were further 
assessed using a Mann-Whitney test to examine the differences between 
subgroups and the extent of their significance or lack of significance in being 
associated with egocentric neglect domain. Table 4.13 shows that the p-value of 
the variables „age‟ (≤ 60 vs. ≥ 61years), „literacy‟ (literate vs. illiterate), „time since 
stroke‟ (≤ 6 vs. ≥ 7 months), and „side of weakness‟ (right vs. left) was < 0.05, 
indicating significant differences between the subgroups. For the remaining 
participant characteristics, the p-values for the domain egocentric neglect were 
non-significant. 
Table 4.13: Differences between subgroups on egocentric neglect (n= 84) 
S
u
b
ty
p
e
  
Subgroups 
 
n 
 
Mean 
 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
E
g
o
c
e
n
tr
ic
 n
e
g
le
c
t 
  
Age 
≤ 60 years 
 
≥ 61 years 
 
50 
 
34 
 
1.75 
 
2.9 
 
1.69 
 
2.27 
 
1 
 
1 
 
 
1 
 
3 
 
2.75 
 
4 
 
 
- 2.52* 
 
6.81 
 
9.51 
 
 
12.15 
 
18.67 
Gender 
Male 
 
Female 
 
65 
 
19 
 
2.19 
 
2.65 
 
1.93 
 
2.46 
 
1 
 
.25 
 
1 
 
2 
 
3 
 
3 
 
 
- .65 
 
8.1 
 
7.19 
 
13.45 
 
19.34 
Literacy 
Literate 
 
Illiterate 
 
69 
 
15 
 
1.91 
 
3.72 
 
1.78 
 
2.42 
 
1 
 
1.75 
 
1 
 
3 
 
3 
 
5.25 
 
 
- 3.16* 
 
7.17 
 
12.29 
 
12.07 
 
26.24 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
58 
 
26 
 
2.66 
 
1.5 
 
2.16 
 
1.56 
 
1 
 
0 
 
2 
 
1 
 
4 
 
2.25 
 
 
- 2.46* 
 
8.89 
 
5.63 
 
14.62 
 
15.29 
Side of weakness 
Right 
 
Left 
 
42 
 
42 
 
2.12 
 
3 
 
2.34 
 
1.78 
 
0 
 
2 
 
1 
 
2 
 
4 
 
4 
 
 
- 2.13* 
 
7.62 
 
9.03 
 
14.66 
 
19.06 
Treatment setting 
Hospital 
 
Rehabilitation 
 
32 
 
52 
 
2.52 
 
2.16 
 
2.32 
 
1.88 
 
1 
 
1 
 
1 
 
2 
 
4 
 
3 
 
 
- .35 
 
7.38 
 
8.09 
 
16.24 
 
14.02 
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4.5.4.2 Right and left allocentric neglect 
Shown in Figure 4.6, the mean of asymmetry scores for the Apple allocentric 
neglect scores for whole sample (N= 84) was - .17 (SD = 1.455; min. = - 4 and 
max. = 4). 
Figure 4.6: Histogram of the distribution of asymmetry scores for the Apple 
allocentric neglect across the whole sample (n= 84) 
 
Table 4.14 shows that the frequency of asymmetry scores for the right allocentric 
neglect (negative commission error) was 17 (20.2% of all cases), while the 
frequency of asymmetry scores for left allocentric neglect (positive commission 
error) was 8 (9.5% of all cases). The frequencies for those aged ≥ 61 years with 
asymmetry scores for the right and left allocentric neglect were high compared to 
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those aged ≤ 60 years. For gender, the frequencies of asymmetry scores for the 
right and left allocentric neglect were almost similar among men and women. For 
„literacy‟, the illiterate subgroup showed the higher frequencies in both the right and 
left allocentric neglect compared to the literate subgroup. For „time since stroke‟, 
the frequency of right allocentric neglect was 7 (22.4%) among the time ≤ 6 months 
subgroup, while it was 4 (15.4%) for the ≥ 7 months subgroup. In the left allocentric 
neglect, the performance of subgroup ≤ 6-months was better than those the 
subgroup of ≥ 7 months, the frequencies were 5 (8.6%) and 3 (11.5%), 
respectively. For the side of weakness, the frequency of the left allocentric neglect 
was high 7 (16.7%), among the left-side of weakness subgroup compared to the 
right-side of weakness subgroup. Similarly, the rehabilitation subgroup showed 
frequencies of the right and left allocentric neglect more than those in the hospital 
setting. 
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Table 4.14: Frequencies of egocentric neglect (n= 84) 
Subgroups 
 
Subtype 
 
n 
Allocentric neglect 
Right Left 
Age 
≤ 60 years 
≥ 61 years 
 
50 
34 
 
9 (18%) 
8 (23.5%) 
 
2 (4%) 
6 (15%) 
Gender 
Male 
Female 
 
65 
19 
 
12 (18.5%) 
4 (21.1%) 
 
7 (10.8%) 
2 (10.5%) 
Literacy 
Literate 
Illiterate 
 
69 
15 
 
12 (17.4%) 
4 (26.7%) 
 
6 (8.7%) 
2 (13.3%) 
Time since stroke 
≤ 6 months 
≥ 7 months 
 
58 
26 
 
13 (22.4%) 
4 (15.4%) 
 
5 (8.6%) 
3 (11.5%) 
Side of weakness 
Right 
Left 
 
42 
42 
 
7 (16.7%) 
9 (21.4%) 
 
4 (9.5%) 
7 (16.7%) 
Treatment setting 
Hospital 
Rehabilitation 
 
32 
52 
 
4 (12.5%) 
13 (25%) 
 
3 (9.4%) 
5 (9.6%) 
 
All cases 
 
 
84 
 
17 (20.2%) 
 
8 (9.5%) 
 
As shown in Table 4.15, for this domain of allocentric neglect, only „side of 
weakness‟ (right vs. left) was significant (p = 0.011). For the remaining subgroups, 
the p-values for all the subgroups were non-significant. The 42 patients with left 
side weakness tended to make commission errors more than these 42 patients 
with right side weakness. The Z-score values were between -2.55 and +2.55 and 
their respective p-values were < 0.05. 
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Table 4.15: Differences between subgroups on allocentric neglect (n= 84) 
 
 
4.5.5 Frequency of visual-motor skills dysfunction assessed using the TMT 
Part A 
The Trail Making Test (TMT) Part A (TMT-A) includes digits from 1 to 25; those 
participants who could not distinguish between or read digits were excluded 
(n=23), resulting in a total number of 77 participants from the overall sample of 
100.  
Table 4.16 presents the characteristics of the participants who took the TMT-A with 
the corresponding frequencies for visual-motor skills dysfunction. Most of the 
S
u
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p
e
  
Subgroups 
 
n 
 
Mean 
 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
A
llo
c
e
n
tr
ic
 n
e
g
le
c
t 
  
Age 
≤ 60 years 
 
≥ 61 years 
 
50 
 
34 
 
.75 
 
.98 
 
1.12 
 
1.25 
 
1 
 
1 
 
1 
 
3 
 
2.75 
 
4 
 
 
- .82 
 
1.3 
 
2.51 
 
3.37 
 
6.08 
Gender 
Male 
 
Female 
 
65 
 
19 
 
.84 
 
.90 
 
1.16 
 
1.29 
 
0 
 
0 
 
0 
 
0 
 
2 
 
2 
 
 
- .06 
 
1.91 
 
1.22 
 
3.99 
 
6.14 
Literacy 
Literate 
 
Illiterate 
 
69 
 
15 
 
.77 
 
1.17 
 
1.11 
 
1.42 
 
0 
 
0 
 
0 
 
.50 
 
2 
 
2 
 
 
- 1.05 
 
1.46 
 
3.51 
 
3.32 
 
9.43 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
58 
 
26 
 
.89 
 
.76 
 
1.22 
 
1.11 
 
0 
 
0 
 
0 
 
0 
 
2 
 
2 
 
 
- .33 
 
2.11 
 
.99 
 
4.47 
 
4.47 
Side of weakness 
Right 
 
Left 
 
42 
 
42 
 
.91 
 
1.36 
 
1.27 
 
1.01 
 
0 
 
1 
 
0 
 
1 
 
2 
 
2 
 
 
- 2.55* 
 
1.61 
 
4.87 
 
4.39 
 
8.61 
Treatment setting 
Hospital 
 
Rehabilitation 
 
32 
 
52 
 
.73 
 
.94 
 
1.18 
 
1.19 
 
0 
 
0 
 
0 
 
0 
 
1 
 
2 
 
 
- .84 
 
1.65 
 
1.79 
 
5.35 
 
3.98 
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participants were male (n= 60, 77.9%), with left-side weakness (n=40, 51.95%), 
and were in rehabilitation units (n=48, 62.34%), as opposed to hospital settings. 
Table 4.16: Characteristics of participants who took the TMT Part A 
(n= 77) 
 
Subgroups n= 77 
Age (years) 
Mean 
SD 
(min. to max. ) 
 
57.57 
9.995 
(36 to 79) 
Gender 
Male 
Female 
 
60 
17 
Time since stroke  
(months) 
Mean 
SD 
(min. to max.) 
 
9.623 
11.524 
(1 to 48) 
Side of weakness 
Right 
Left 
 
37 
40 
Treatment setting 
Hospital 
Rehabilitation 
 
29 
48 
 
Frequency of visual-motor skills dysfunction post stroke assessed by the TMT-A 
was based on the 10% percentile. Overall, out of 77 participants having stroke, 
visual-motor skills dysfunction was found in 45 of those (58.4%). Table 4.17 
categorises these frequencies according to participant characteristics. The results 
indicate that visual-motor skills dysfunction was more prevalent in the subgroup 
aged 61 years and over (69%), in men (61.7%), and in those within 6 months or 
less of suffering a stroke (63.5%). On the other hand, visual-motor skills 
dysfunction was higher in those who had right-side weakness (78.4%) and was 
Chapter 4: Post-Stroke Cognitive Dysfunctions 
166 
 
mostly found among the patients in hospital settings (69%). Along with other 
characteristics, „literacy‟ was not considered for this test because it was mainly 
designed for literate participants who are able to distinguish between and read 
digits. 
Table 4.17: Frequency of post-stroke visual motor skills assessed 
using TMT Part A (n= 77) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As shown in Table 4.18, the results of the TMT Part A were further assessed using 
the Mann-Whitney test to examine the differences between subgroups and the 
extent of their significance or lack of significance in being associated with visual-
motor skills dysfunction. In the TMT Part A, the following patient characteristics 
showed a significant differences with the prevalence of visual-motor skills 
Subgroups n Frequency 
Age 
≤ 60 years 
≥ 61 years 
 
 
48 
29 
 
25 (52.1%) 
20 (69%) 
Gender 
Male 
Female 
 
 
60 
17 
 
37 (61.7%) 
8 (47.1%) 
Time since stroke 
≤ 6 months 
≥ 7 months 
 
 
52 
25 
 
33 (63.5%) 
12 (48%) 
Side of weakness 
Right 
Left 
 
 
37 
40 
 
29 (78.4%) 
16 (40%) 
Treatment setting 
Hospital 
Rehabilitation 
 
 
29 
48 
 
20 (69%) 
25 (52.1%) 
 
All cases 
 
 
77 
 
45 (58.4%) 
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dysfunction: age (p = 0.04), „time since stroke‟ (p = 0.02), and „side of weakness‟ (p 
= 0.014), while gender and treatment setting showed non-significant results, that is, 
no association with the aforementioned dysfunctions.  
By taking into consideration percentile ranges for the subgroups in the TMT Part A, 
visual-motor skills dysfunction are identified as most common in patients aged ≥ 61 
years. This subgroup has a high median (50th percentile) of 03.02, compared to the 
median of 01.19 for those post-stroke patients aged ≤ 60 years. Visual-motor skills 
dysfunction is identified as most common in men. This subgroup has a high 
median (50th percentile) of 02.29, compared to the median of 00.59 for women. 
Similarly, for „time since stroke‟, the ≤ 6-months subgroup showed a higher median 
percentile of 02.48, compared to 01.09 for the ≥ 7-months subgroup. For „side of 
weakness‟, the patients with a right-side weakness were more likely to have visual-
motor skills dysfunction, as indicated by a median of 03.10, compared to a median 
of 01.01 for the patients with a left-side weakness. Lastly, the median percentile for 
hospital setting and rehabilitation setting showed similar results: a median of 03.02 
and 01.19, respectively. This indicates that visual-motor skills dysfunction was 
most prevalent in patients in hospital settings. 
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Table 4.18: Differences between subgroups on the TMT Part A (n=77) 
 
 
4.5.6 Frequency of executive dysfunctions assessed using the TMT Part B 
As the TMT Part B (TMT-B) is based on digits and alphabet, it is important that 
only those who are able to read and distinguish between digits and alphabetical 
letters participated in the test. Accordingly, 71 of the 100 participants were 
excluded, leaving 29 participants who completed this test.  
Table 4.19 presents the characteristics of the participants who took the TMT-B and 
the corresponding frequencies of executive dysfunctions. Most of the participants 
were male (n= 27, 93.1%), with left-side weakness (n= 19, 65.52%), and located in 
rehabilitation settings (n= 18, 62.1%). 
T
e
s
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Subgroups 
 
n 
 
Mean 
(minutes: seconds) 
 
SD 
Percentiles  
Z 
95% Confidence 
Interval 
 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
T
M
T
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a
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A
 
     
 
Age 
≤ 60 years 
 
≥ 61 years 
 
48 
 
29 
 
02:23 
 
03:02 
 
01:54 
 
01:46 
 
00:49 
 
01:04 
 
01:19 
 
03:02 
 
03:46 
 
04:47 
 
 
- 2.03* 
 
 
01:50 
 
02:21 
 
02:57 
 
03:42 
Gender 
Male 
 
Female 
 
60 
 
17 
 
02:44 
 
02:17 
 
01:53 
 
01:50 
 
00:52 
 
00:54 
 
02:29 
 
00:59 
 
04:13 
 
03:43 
 
 
- .60 
 
02:14 
 
01:20 
 
03:13 
 
03:14 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
52 
 
25 
 
02:52 
 
02:08 
 
01:52 
 
01:50 
 
00:58 
 
00:45 
 
02:48 
 
01:09 
 
04:37 
 
03:44 
 
 
- 2.32* 
 
02:21 
 
01:22 
 
03:24 
 
02:53 
Side of weakness 
Right 
 
Left 
 
37 
 
40 
 
03:08 
 
02:10 
 
01:44 
 
01:53 
 
01:33 
 
00:49 
 
03:10 
 
01:01 
 
04:29 
 
03:40 
 
 
- 2.45* 
 
 
02:34 
 
01:33 
 
03:43 
 
02:46 
Treatment setting 
Hospital 
 
Rehabilitation 
 
29 
 
48 
 
02:57 
 
02:26 
 
01:47 
 
01:55 
 
00:55 
 
00:52 
 
03:02 
 
01:19 
 
04:29 
 
03:40 
 
 
- 1.19 
 
 
02:16 
 
01:53 
 
03:38 
 
03:00 
  
All cases 
 
77 
 
02:38 
 
01:52 
 
00:53 
 
02:21 
 
04:04 
  
02:12 
 
03:03 
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Table 4.19: Characteristics of participants who took the TMT 
Part B (n= 29) 
 
Subgroups n= 29 
Age (years) 
Mean 
SD 
(min. to max.) 
 
55.76 
9.523 
(39 to 71) 
Gender 
Male 
Female 
 
27 
2 
Time since stroke  
(months) 
Mean 
SD 
( min. to max ) 
 
9.379 
9.582 
(1 to 36) 
Side of weakness 
Right 
Left 
 
10 
19 
Treatment setting 
Hospital 
Rehabilitation 
 
11 
18 
 
 
Frequency of executive dysfunction assessed using the TMT Part B was based on 
the 10% percentile. Overall, out of 29 participants having stroke, more than half 20 
(69%) had executive dysfunctions. Table 4.20 categorises these frequencies 
according to participant characteristics. The results indicate that executive 
dysfunctions, when assessed using digit and alphabetical differentiations, were 
more prevalent in the subgroup aged 61 years and over (70%), and in those who 
suffered a stroke 6 months ago or less (70.6%). On the other hand, these 
executive dysfunctions were associated with right-side weakness (78.9%) and 
were mostly found among the patients in hospital settings (81.8%). 
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Table 4.20: Frequency of post-stroke executive dysfunction 
assessed using TMT Part B (n=29) 
 
Subgroups n Frequency 
Age 
≤ 60 years 
≥ 61 years 
 
 
19 
10 
 
13 (68.4%) 
7 (70%) 
Time since stroke 
≤ 6 months 
≥ 7 months 
 
 
17 
8 
 
12 (70.6%) 
(33.3%) 
Side of weakness 
Right 
Left 
 
19 
10 
 
15 (78.9%) 
5 (50%) 
Treatment setting 
Hospital 
Rehabilitation 
 
11 
18 
 
9 (81.8%) 
11 (61.1%) 
 
All cases 
 
29 
 
20 (69%) 
 
As shown in Table 4.21, the results of the TMT Part B were further assessed using 
the Mann-Whitney test to examine differences between subgroups and the extent 
of their significance or lack of significance in being associated with executive 
dysfunctions post stroke. The findings of the TMT Part B were different from those 
of the TMT Part A. In the TMT Part B, the following factors did not show an 
association with executive dysfunctions: age (p = .81), time since stroke (p = .29), 
side of weakness (p= .09), and treatment setting (p= .18). However, executive 
dysfunctions were identified as most common in those within 6 months or less of 
suffering a stroke, indicate by a high median (50th percentile) of 04.16, compared to 
03.20 for the ≥ 7-months subgroup. Similarly, the median range for those with right-
side weakness was 04.12, compared to 02.54 for those with left-side weakness. 
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This indicates that executive dysfunctions were common in patients with a right-
side weakness. Lastly, the median percentile for hospital setting was higher (04.12) 
than that for rehabilitation settings (03.20). 
Table 4.21: Differences between subgroups on the TMT Part B (n= 29) 
 
 
 
 
  
 
T
e
s
t 
 
Subgroups 
 
n 
 
Mean 
(minutes: seconds) 
 
SD. 
Percentiles  
Z 
95% Confidence 
Interval 
 
25
th
 
 
 
50
th
 
(median) 
 
75
th
 
 
 
Lower 
 
Upper 
T
M
T
 P
a
rt
 B
 
    
 
  
Age 
≤ 60 years 
 
≥ 61 years 
 
19 
 
10 
 
03:44 
 
03:39 
 
01:39 
 
01:16 
 
02:14 
 
02:14 
 
03:49 
 
03:51 
 
04:25 
 
04:37 
 
 
- .23 
 
 
02:56 
 
02:45 
 
04:32 
 
04:34 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
17 
 
12 
 
03:46 
 
03:37 
 
01:22 
 
01:45 
 
02:12 
 
02:14 
 
04:16 
 
03:20 
 
04:41 
 
04:07 
 
 
- 1.01 
 
 
03:03 
 
02:30 
 
04:29 
 
04:44 
Side of weakness 
Right 
 
Left 
 
19 
 
10 
 
03:52 
 
03:23 
 
01:05 
 
02:08 
 
03:19 
 
01:56 
 
04:12 
 
02:54 
 
04:33 
 
04:11 
 
 
- 1.65 
 
 
 
01:51 
 
03:21 
 
04:55 
 
04:24 
Treatment setting 
Hospital 
 
Rehabilitation 
 
11 
 
18 
 
04:17 
 
03:21 
 
01:43 
 
01:17 
 
03:38 
 
02:11 
 
04:12 
 
03:20 
 
04:33 
 
04:26 
 
 
- 1.35 
 
 
 
03:07 
 
02:42 
 
05:27 
 
04:00 
  
All cases 
 
29 
 
03:42 
 
01:31 
 
02:15 
 
03:49 
 
04:28 
  
03:08 
 
04:17 
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Chapter Five: Results 2: Prevalence of Post-Stroke mood 
Disorders in Saudi Arabia 
  
5.1 Introduction 
The objectives of this chapter were (1) to explore the prevalence of post-stroke 
anxiety disorder in Saudi Arabia, (2) to explore the prevalence of post-stroke 
depression disorder in Saudi Arabia, (3) to examine the relationship between post-
stroke mood disorders and physical dependency, (4) to identify the main factors 
affecting the prevalence of post-stroke mood disorders, and (5) to compare post-
stroke mood disorders at baseline and after a follow-up period of three months. 
Key subgroups were identified based on six major variables: age, gender, literacy, 
time since stroke, side of weakness, and treatment setting. 
5.2 Results  
A sample of 100 stroke patients was assessed. Their demographic and other 
characteristics were given in the results section of Chapter 4. 
5.2.1 Results from baseline assessment 
 
The overall prevalence rate of anxiety was 36% and the overall prevalence of 
depression was 44%. These results are categorised more specifically below.  
5.2.1.1 Prevalence of anxiety after stroke 
 
The HADS-Anxiety mean score was 7.8 (SD = 5.08), as shown in Figure 5.1. 
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Figure 5.1: Histogram of the distribution of total scores on the Arabic HADS-
Anxiety across the whole sample (n=100) 
 
The prevalence figures of anxiety after stroke for various patient characteristics are 
presented in Table 5.1. These findings show that, for the two age subgroups, 
anxiety after stroke was found in 30.2% of the ≤ 60-years group and in 42.6% of 
the ≥ 61-years group. In terms of gender, anxiety after stroke was found in 34.2% 
of male patients and in 41.7% of female patients. In terms of literacy, the findings 
confirm that illiteracy has a considerable bearing on the likelihood of anxiety after 
stroke in the patient: anxiety was found in 53.6% of illiterate patients while it was 
found in only 29.2% of literate patients. In terms of „time elapsed since the stroke‟, 
anxiety was found in 41.9% of the subgroup within 6 months or less of the suffering 
a stroke while only 19.2% of the ≥ 7-months subgroup was affected. Furthermore, 
anxiety was found in 37.3% of those with a right-hand side weakness, and in 
34.7% of those with a left-hand side weakness. 
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Table 5.1: Frequencies of anxiety after stroke (n= 100) 
 
Variables Subgroups  n Frequency 
Age ≤ 60 years 
≥ 61 years 
53 
47 
16 (30.2%) 
20 (42.6%) 
Gender  Male 
Female 
76 
24 
26 (34.2%) 
10 (41.7%) 
Literacy Literate 
Illiterate 
72 
28 
21 (29.2%) 
15 (53.6%) 
Time since stroke ≤ 6 months 
≥ 7 months 
74 
26 
31 (41.9%) 
5 (19.2%) 
Side of weakness Right 
Left 
51 
49 
19 (37.3%) 
17 (34.7%) 
Treatment Setting Hospital 
Rehabilitation 
41 
59 
14 (34.1%) 
22 (37.3%) 
All cases  100 36% 
 
5.2.1.2 Differences in anxiety after stroke prevalence between subgroups 
Results from the analysis using the Mann-Whitney test revealed differences in 
post-stroke anxiety between the subgroups. The anxiety scores were found to be 
significantly affected by differences in age (z = -2.34; p = 0.019), literacy (z = -3.07; 
p = 0.002), and the „time elapsed since stroke‟ (z = -4.02; p = 0.001). However, 
there was no significant difference in anxiety scores for gender, side of weakness, 
and „time since stroke‟. 
Table 5.2 shows the prevalence of anxiety after stroke in the two age subgroups: ≥ 
61 years with a median of 8, compared to ≤ 60 years with a median of 6. Likewise, 
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the illiterate group had a higher median (12) compared to that of the literate group 
(6). For „time since stroke‟, a higher median (8) was found for the subgroup within 6 
months or less of the suffering a stroke while the ≥ 7-months subgroup showed a 
lower median (5). 
Table 5.2: Comparison of anxiety after stroke among subgroups (n= 100) 
 
 
Variables 
 
Subgroups 
 
     n 
 
Mean 
(min. to max.) 
 
SD 
Percentiles  
Z 
 
P 
25
th
 
 
50
th
 
(median) 
75
th
 
 
Age 
 
≤ 60 years 
 
≥ 61 years 
53 
 
 
 
47 
6.81 
(0 to 20) 
 
 
8.96 
(0 to 16) 
4.74 
 
 
 
4.60 
2 
 
 
 
5 
6 
 
 
 
8 
10 
 
 
 
14 
 
 
- 2.34 
 
 
.019 
Gender 
 
Male 
 
Female 
76 
 
 
 
24 
 
7.65 
(0 to 20) 
 
 
8.33 
(1 to 16) 
5.01 
 
 
 
3.67 
4 
 
 
 
5 
7 
 
 
 
7 
12 
 
 
 
12 
 
 
- 1.05 
 
 
.29 
Literacy Literate 
 
Illiterate 
72 
 
 
 
28 
6.76 
(0 to 20) 
 
 
10.54 
(1 to 16) 
4.51 
 
 
 
4.43 
3.25 
 
 
 
6 
6 
 
 
 
12 
9.75 
 
 
 
14 
 
 
- 3.07 
 
 
.002 
Time since 
stroke 
 
≤ 6 months 
 
≥ 7 months 
74 
 
 
 
26 
8.91 
(1 to 20) 
 
 
4.73 
(0 to 12) 
4.80 
 
 
 
3.08 
5 
 
 
 
2 
8 
 
 
 
5 
14 
 
 
 
5.25 
 
 
- 4.02 
 
 
.001 
Side of 
weakness 
 
Right 
 
Left 
51 
 
 
 
49 
8 
(0 to 20) 
 
 
7.63 
(0 to 16) 
4.33 
 
 
 
4.76 
5 
 
 
 
4 
7 
 
 
 
7 
12 
 
 
 
12 
 
 
- .63 
 
 
.52 
Treatment 
settings 
 
Hospital 
 
Rehabilitation 
41 
 
 
 
59 
8.24 
(1 to 20) 
 
 
7.53 
(0 to 16) 
4.89 
 
 
 
4.71 
5 
 
 
 
4 
7 
 
 
 
7 
12 
 
 
 
12 
 
 
- .73 
 
 
.46 
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5.2.1.3 Differences between anxious and non-anxious subgroups 
Table 5.3 shows differences in the prevalence of anxiety symptoms between 
participants classified as „anxious‟ and „non-anxious‟, with significant differences 
found in two subgroups: „literacy‟ (X2 = 10.31, p = .001) and „time since stroke‟ (X2 
= 4.29, p = .03). For „literacy‟, anxiety was found to be higher in the illiterate 
subgroup of anxious patients (60.7%) than in the literate subgroup (26.4%). For 
„time since stroke‟, anxiety was found to be higher in the ≤ 6-months subgroup 
(41.9%) of anxious patients and higher in the ≥ 7-months subgroup (80.8%) of non-
anxious patients. 
 Table 5.3: Differences between anxious and non-anxious subgroups on the 
 Arabic HADS-Anxiety (n=100) 
 
 
Variables 
 
Subgroups 
Classification on the HADS -A  
X
2
 
 
Sig. 
Anxious 
(n= 36) 
Non-anxious 
(n= 64) 
Age ≤ 60 years 15 (28.3 %) 38 (71.7%)  
2.90 
 
.08 
≥ 61 years 21 (44.7%) 26 (55.3%) 
Gender Male 26 (34.2%) 50 (65.8%)  
.44 
 
.06 
Female 10 (41.7%) 14 (58.3%) 
Literacy Literate 19 (26.4%) 53 (73.6%)  
10.31 
 
.001 
Illiterate 17 (60.7%) 11 (39.3%) 
Time since 
stroke 
≤ 6 months 31 (41.9%) 43 (58.1%)  
4.29 
 
.03 
≥ 7 months 5 (19.2%) 21 (80.8%) 
Side of 
weakness 
Right 19 (37.3%) 32 (62.7%)  
.071 
 
.79 
Left 17 (34.7%) 32 (65.3%) 
Treatment 
setting 
Hospital 15 (36.6%) 26 (63.4%)  
.010 
 
.91 
Rehabilitation 21 (35.6%) 38 (64.4%) 
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5.2.1.4 Prevalence of depression after stroke 
 
The HADS-Depression mean score was 7.82 (SD = 4.774), as shown in Figure 5.2. 
Figure 5.2: Histogram of the distribution of total scores on the Arabic HADS-
Depression across the whole sample (n=100) 
 
The prevalence figures of depression after stroke for various patient characteristics 
are presented in Table 5.4. These findings indicate that depression was found 
among 39.6% of those aged ≤ 60 years, and in 48.96% of those aged ≥ 61 years. 
Depression was found in 40.8% of men and in 54.2% of women. Furthermore, 
depression was found in 37.5% of the literate subgroup, but in 60.7% of the 
illiterate subgroup. Depression was found also in 52.7% of the subgroup within 6 
months or less of the suffering a stroke, whereas it affected only 19.2% of the ≥7-
months subgroup. Finally, depression was found in 47.1% of patients with a right 
sided weakness and in 40.8% with a left sided weakness. 
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Table 5.4: Frequencies of depression after stroke (n=100) 
 
Variables Subgroups  n Frequency 
Age 
 
≤ 60 years 
≥ 61 years 
53 
46 
21 (39.6%) 
23 (48.9%) 
Gender  Male 
Female 
76 
24 
31 (40.8%) 
13 (54.2%) 
Literacy Literate 
Illiterate 
72 
28 
27 (37.5%) 
17 (60.7%) 
Time since stroke  ≤ 6 months 
≥ 7 months 
74 
26 
39 (52.7%) 
5 (19.2%) 
Side of weakness Right 
Left 
51 
49 
24 (47.1%) 
20 (40.8%) 
Treatment Setting Hospital 
Rehabilitation 
41 
59 
18 (43.9%) 
26 (44.1%) 
All cases  100 44% 
 
5.2.1.5 Differences in depression after stroke prevalence among subgroups 
Shown in Table 5.5, a post-hoc analysis using the Mann-Whitney test for 
depression after stroke indicated significant differences in depression according to 
„literacy‟ (z = -3.51; p = 0.001) and „time since stroke‟ (z = -3.16; p = 0.002). 
Depression was found to be higher in the illiterate subgroup of anxious patients 
(median = 10) than in the literate subgroup (median = 7). Likewise, for „time since 
stroke‟, a higher median was reported for the ≤ 6-months subgroup (8) than for the 
≥ 7-months subgroup (3.5). No other characteristics were significant in the context 
of depression after stroke. 
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Table 5.5: Comparison of depression after stroke among subgroups (n= 100) 
 
 
Variables 
 
Subgroups 
 
n 
 
Mean 
(min. to max.) 
 
SD. 
Percentiles  
Z 
 
P 
25
th
 
 
50
th
 
(median) 
75
th
 
 
Age 
 
≤ 60 years 
 
≥ 61 years 
53 
 
 
 
47 
6.98 
(0 to 20) 
 
 
8.72 
(0 to 17) 
5.04 
 
 
 
5.09 
2 
 
 
 
5 
7 
 
 
 
8 
12 
 
 
 
14 
 
 
- 1.89 
 
 
.06 
Gender 
 
Male 
 
Female 
76 
 
 
 
24 
 
7.53 
(0 to 20) 
 
 
8.66 
(1 to 17) 
5.29 
 
 
 
4.33 
3 
 
 
 
5 
7 
 
 
 
8.5 
12 
 
 
 
12 
 
 
- .73 
 
 
.46 
Literacy 
 
Literate 
 
Illiterate 
72 
 
 
 
28 
6.861 
(0 to 20) 
 
 
10.21 
(1 to 17) 
4.88 
 
 
 
4.86 
3 
 
 
 
6.25 
7 
 
 
 
10 
11.75 
 
 
 
14 
 
 
- 3.51 
 
 
.001 
Time since 
stroke 
 
≤ 6 months 
 
≥ 7 months 
74 
 
 
 
26 
8.743 
(0 to 20) 
 
 
5.12 
(0 to 16) 
4.99 
 
 
 
4.40 
5 
 
 
 
1.75 
8 
 
 
 
3.5 
13 
 
 
 
7 
 
 
- 3.16 
 
 
.002 
Side of 
weakness 
 
Left 
 
Right 
51 
 
 
 
49 
8.16 
(0 to 20) 
 
 
7.43 
(0 to 17) 
 
5.05 
 
 
 
4.76 
5 
 
 
 
3 
8 
 
 
 
7 
12 
 
 
 
12 
 
 
- .39 
 
 
.69 
Treatment 
Setting 
 
Hospital 
 
Rehabilitation 
41 
 
 
 
59 
8.37 
(1 to 20) 
 
 
7.41 
(0 to 16) 
5.41 
 
 
 
4.85 
3 
 
 
 
3 
8 
 
 
 
7 
13 
 
 
 
12 
 
 
- .70 
 
 
.48 
 
 
5.2.1.6 Differences between depressed and non-depressed subgroups 
Table 5.6 shows differences in the prevalence of depression symptoms between 
participants classified as „depressed‟ and „non-depressed‟, with significant differences 
found in two subgroups: „literacy‟ (X2 = 4.41, p = .03) and „time since stroke‟ (X2 = 
8.75, p = .003). For „literacy‟, depression was found to be higher in the illiterate 
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subgroup (60.7%) than in the literate subgroup (37.5%). For „time since stroke‟, 
depression was found to be higher in the ≤ 6-months subgroup (52.7%) than in the ≥ 
7 months subgroup (19.2%). 
Table 5.6: Differences between depressed and non-depressed subgroups on the 
Arabic HADS-Depression (n=100) 
 
 
Variables 
 
Subgroups 
Classification on the HADS -D  
X
2
 
 
P 
Depressed 
(n= 44) 
Non-depressed 
(n= 56) 
 
Age 
≤ 60 years 21 (39.6%) 32 (60.4%)  
.87 
 
.34 
≥ 61 years 23 (48.9%) 24 (51.1%) 
 
Gender 
Male 31 (40.8%) 45 (59.2%)  
1.32 
 
.25 
Female 13 (54.2%) 11 (45.8%) 
 
Literacy 
Literate 27 (37.5%) 45 (62.5%)  
4.41 
 
.03 
Illiterate 17 (60.7%) 11 (39.3%) 
 
Time since 
stroke 
≤ 6 months 39 (52.7%) 35 (47.3%)  
8.75 
 
.003 
≥ 7 months 5 (19.2%) 21 (80.8%) 
 
Side of 
weakness 
Right 24 (47.1%) 27 (52.9%)  
.39 
 
.53 
Left 20 (40.8%) 29 (59.2%) 
 
Treatment 
setting 
Hospital 18 (43.9%) 23 (56.1%)  
.000 
 
.98 
Rehabilitation 26 (44.1%) 38 (6434%) 
5.4.1.7 The relationship between post-stroke mood disorders and 
dependence in personal activities of daily living 
Pearson‟s correlation analysis found significant negative correlations between 
Barthel Index scores and both anxiety scores (r = -0.62, p <0.001) and depression 
scores (r = -0.63, p<0.001). This means that patients who had higher levels of 
independence in personal activities of daily living had lower levels of mood 
distress. 
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5.4.2 Results from the 3-month follow-up assessment 
 
5.4.2.1 Characteristics of participants 
 
At the 3-month post-stroke follow-up, the incidence frequencies for anxiety and 
depression after stroke were established and examined against the corresponding 
figures from the early evaluation (see Table 5.7). Thirty participants failed to 
complete the follow-up assessment (see Table 5.7). Out of 30, 7 (23.3%) died 
during the period due to illness while 23 (76.7%) were discharged from the clinical 
setting and declined to be contacted for further assessment. Of these, 17 (56.7%) 
had anxiety and 19 (63.3%) had depression in the baseline assessment. Therefore 
70 of the 100 took part in the follow-up assessment. Follow-up participants had a 
mean age of 57.76 years (SD =10.43), with 80% of the participants being male. 
Out of 70 patients, 42.9% were in a hospital setting while 57.1% were in a 
rehabilitation setting. Furthermore, it was found that 78.6% of patients were literate 
while 21.4% were illiterate, and 51.4% of patients exhibited right-side weaknesses 
while 48.6% exhibited left-side weaknesses. 
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Table 5.7: Characteristics of participants who completed and did not completed 
follow-up assessment 
 
Variables Did not complete 
follow-up (n= 30) 
completed follow-up 
(n=70) 
Age (years)   
mean 67 57.76 
(min. to max.) 
SD. 
(49 to 85) 
10.57 
 (36 to 79) 
10.43 
Gender   
Male 20 (66.7%) 56 (80%) 
Female 10 (33.3%) 14 (20%) 
Literacy   
Literate 15 (50%) 55 (78.6%) 
Illiterate 15 (50%) 15 (21.4%) 
Time since stroke (months)   
mean (SD.) 4.3 (3.17) 9.8 (12.03) 
(min. to max.) (1 to 12) (1 to 48) 
Side of weakness   
Right side 15 (50%) 36 (51.4%) 
Left side 15 (50%) 34 (48.6%) 
Treatment setting   
Hospital 11 (36.7%) 30 (42.9%) 
Rehabilitation 19 (63.3%) 40 (57.1%) 
 
5.4.2.2 Individual analysis of distribution of scores for 70 stroke patients who 
completed the HADS at baseline and follow-up assessments 
The individual analysis of the HADS scores between baseline and follow-up 
assessments showed significant differences between anxiety and depression 
scores. As seen in Table 5.8, Out of 70 patients, 12 (17.14%) obtained scores at 
follow-up assessment greater than their scores in the baseline assessment. This 
means that anxiety symptoms were increased among them. 53 (75.7%) patients 
obtained scores at follow-up assessment less than their scores in the baseline 
assessment. This means that anxiety symptoms were decrease among them after 
3 months follow-up. 5 (7.1%) patients shown no changes in their scores between 
baseline and follow-up assessments. 31 (44.3) obtained scores ≥ 7 on HADS-
Anxiety at the baseline whereas the percentage dropped out to 23 (32.9%) at the 
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follow-up assessment. It is important to make individual analysis of the patients 
who changed their HADS-Anxiety scores at follow-up assessment relative to the 
baseline results for anxiety. It can be examined that those patients had higher 
baseline assessment results i.e. from four (4) till twenty (20). The highest individual 
decrease in the baseline results for anxiety score was reported for patient 11 by 
50% i.e. baseline result = 20 and follow-up assessment result = 10. On the 
contrary, the lowest individual decrease in the baseline result was reported for 
patient 15 i.e. baseline result = 1 and follow-up assessment = 0. Similarly, some 
individual patients (13%) also surprisingly confirmed increase in baseline results 
during the follow-up assessment for anxiety scores i.e. patients 19, 34, 36, 37, 51, 
57, 58, 59, 62. On the other side, the individual analysis of the patients who did not 
change their HADS-Anxiety scores at follow-up highlighted that they initially 
already had a very low baseline scores i.e. 2 (patients 13, 52 and 53) or 1 (patient 
39). In such a lower baseline assessment results, the margin of improvement is 
already minimal for the follow-up assessment. 
The individual analysis for HADS-Depression revealed that out of 70 patients, 21 
(30%) obtained scores at follow-up assessment greater than their scores in the 
baseline assessment. 38 (45.7%) patients obtained scores at follow-up 
assessment less than their scores in the baseline assessment. This means that 
depression symptoms decreased after 3 months follow-up. 33 (47.14) obtained 
scores ≥ 7 on HADS-Depression at the baseline whereas the percentage dropped 
out to 25 (35.7%) at the follow-up assessment. 1 (15.7%) patients showed no 
changes in their scores. Like anxiety, it is vital to make individual analysis of the 
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patients who changed their HADS-Depression scores for depression at follow-up 
assessment relative to their baseline results. The highest individual decrease in the 
baseline results for depression score was reported for patient 11 i.e. baseline result 
= 20 and follow-up assessment result = 14. On the contrary, the lowest individual 
decrease in the baseline result was reported for patient 39 i.e. baseline result = 1 
and follow-up assessment = 0. Additionally, some individual patients (12%) also 
confirmed increase in baseline results during the follow-up assessment for 
depression scores i.e. patients 4, 8, 10, 19, 22, 23, 35, 36. On the other side, the 
individual analysis of the patients who did not change their HADS scores at follow-
up highlighted that unlike anxiety they initially already did not have very low 
baseline scores for depression i.e. 12, 16, 0, 3, 10 (patients 9, 15, 29, 34, 40, 41, 
50, 62) or 1 (patient 39). 
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Table 5.8: Individual analysis of distribution of scores for 70 stroke patients who 
completed the HADS at baseline and follow-up assessments 
 
 
No.  
Anxiety Depression 
Baseline 
assessment 
Follow-up 
assessment 
Baseline 
assessment 
Follow-up 
assessment 
1 4 1 3 0 
2 7 2 7 6 
3 5 2 5 3 
4 2 0 2 0 
5 10 9 15 16 
6 16 12 16 14 
7 5 3 3 5 
8 5 3 2 3 
9 16 14 16 16 
10 14 12 8 10 
11 20 10 20 14 
12 2 0 3 1 
13 2 2 7 4 
14 8 4 2 1 
15 1 0 0 0 
16 2 0 2 0 
17 9 7 11 6 
18 7 5 8 4 
19 12 14 14 16 
20 4 2 3 2 
21 6 6 7 5 
22 12 6 13 14 
23 8 7 9 14 
24 6 5 7 3 
25 12 7 10 7 
26 6 2 7 4 
27 2 3 2 1 
28 8 4 10 6 
29 7 5 12 12 
30 4 3 3 3 
31 16 12 15 13 
32 7 6 10 12 
33 8 5 7 6 
34 1 2 1 1 
35 0 1 1 2 
36 5 6 5 7 
37 2 3 1 2 
38 14 6 15 7 
39 1 1 1 0 
40 7 5 6 6 
41 1 0 0 0 
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42 5 3 5 6 
43 10 6 12 5 
44 11 7 8 7 
45 4 2 3 2 
46 3 2 5 1 
47 1 0 1 0 
48 2 0 1 0 
49 4 2 3 2 
50 5 2 3 3 
51 6 8 4 9 
52 2 2 0 0 
53 2 2 2 1 
54 14 8 12 7 
55 5 3 4 6 
56 12 9 14 12 
57 5 10 9 12 
58 5 9 4 7 
59 5 7 6 8 
60 14 12 12 14 
61 4 4 5 2 
62 5 8 10 10 
63 12 7 12 10 
64 13 5 7 5 
65 10 4 3 6 
66 10 12 12 14 
67 5 5 5 2 
68 12 7 11 12 
69 6 5 5 4 
70 8 7 9 10 
 
5.4.2.3 Frequencies of anxiety at follow-up assessment 
The overall prevalence rate of anxiety after stroke was 18.6% at 3-months follow-
up. Table 5.9 shows that a significant difference was found in the follow-up results 
relative to the earlier evaluation in terms of the time elapsed since stroke. In 
particular, of the 48 patients in the ≤ 6-months subgroup, 35.4% were found to 
suffer from anxiety after stroke at the baseline assessment, while this reduced to 
20.8% at the 3-month follow-up. 
Chapter 5: Post-Stroke Mood Disorders 
 
187 
 
Figure 5.4: Histogram of the distribution of total scores for 70 stroke patients on 
the Arabic HADS-Anxiety across baseline assessment 
 
 
Figure 5.5: Histogram of the distribution of total scores for 70 stroke patients on 
the Arabic HADS-Anxiety after 3-months follow-up 
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Table 5.9: Frequencies of anxiety for 70 stroke patients across baseline and 3-
months follow-up assessment 
 
Variables Subgroups n Baseline Follow - up 
Age ≤ 60 years 
≥ 61 years 
38 
 
32 
12 (31.6%) 
 
9 (28.1%) 
8 (21.1%) 
 
5 (15.6%) 
Gender Male 
Female 
56 
 
14 
14 (25%) 
 
7 (50%) 
10 (17.9%) 
 
3 (21.4%) 
Literacy Literate 
Illiterate 
55 
 
15 
16 (29.1%) 
 
5 (33.3%) 
8 (14.5%) 
 
5 (33.3%) 
Time since stroke ≤ 6 months 
 
≥ 7 months 
48 
 
22 
17 (35.4%) 
 
4 (18.2%) 
10 (20.8%) 
 
3 (13.6%) 
Side of weakness Right 
 
Left 
 
36 
 
34 
12 (33.3%) 
 
9 (26.5%) 
6 (16.7%) 
 
7 (20.6%) 
Treatment setting Hospital 
 
Rehabilitation 
30 
 
40 
9 (30%) 
 
12 (30%) 
6 (20%) 
 
7 (17.5%) 
All cases  70 21 (30%) 13 (18.6%) 
 
5.4.2.4 Differences in anxiety after stroke among subgroups at follow-up 
assessment 
Shown in Table 5.10, a post-hoc analysis using the Mann-Whitney test for anxiety 
at 3-months follow-up indicated significant differences in gender (z = -2.86; p = 
0.004) and „literacy‟ (z = -2.56; p = 0.01). No other characteristics were significant 
in the context of anxiety scores. Analysis of median percentiles revealed that 
anxiety scores were higher for women (median = 7) than for men (median = 3). 
Likewise, the level of literacy showed higher anxiety scores for the illiterate 
subgroup (median = 7) than for the literate subgroup (median = 3). 
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Table 5.10: Results from the post-hoc analysis conducted using the Mann-
Whitney test examining differences in anxiety prevalence among subgroups for 
70 stroke patients at the 3-month follow-up assessment 
 
Subgroups n Mean SD Percentiles Z P 
25
th
 50
th 
(median)
 
75
th
 
Age 
≤ 60 years 
 
≥ 61 years 
 
38 
 
32 
 
5.05 
 
5.13 
 
3.77 
 
3.53 
 
2 
 
2.25 
 
4.5 
 
5 
 
8 
 
6.75 
 
 
- .12 
 
 
.91 
Gender 
Male 
 
Female 
 
56 
 
14 
 
4.55 
 
7.21 
 
3.65 
 
2.75 
 
2 
 
4.75 
 
3 
 
7 
 
6.75 
 
9.25 
 
 
- 2.86 
 
 
.004 
Literacy 
Literate 
 
Illiterate 
 
55 
 
15 
 
4.75 
 
7.47 
 
3.25 
 
4.07 
 
2 
 
4 
 
4 
 
7 
 
7 
 
12 
 
 
- 2.56 
 
 
 
.01 
 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
48 
 
22 
 
5.44 
 
4.32 
 
3.78 
 
3.26 
 
2 
 
2 
 
5 
 
3 
 
7 
 
6.25 
 
 
- 1.22 
 
 
 
.22 
Side of weakness 
Right 
 
Left 
 
36 
 
34 
 
5.33 
 
4.32 
 
3.62 
 
3.26 
 
2 
 
2 
 
5 
 
4 
 
7 
 
7.25 
 
 
- .61 
 
 
.54 
Treatment setting 
Hospital 
 
Rehabilitation 
 
30 
 
40 
 
5.17 
 
5.03 
 
4.07 
 
3.32 
 
2 
 
2 
 
4.5 
 
5 
 
7 
 
7 
 
 
- .11 
 
 
 
.91 
 
5.4.2.5 Frequencies of depression after stroke at follow-up assessment 
Table 5.11 shows that overall, 18.6% of patients at the follow-up suffered from 
depression, including 21.6% of patients aged ≤ 60 years, and 21.6% of participants 
aged ≥ 61 years. Meanwhile, 23.2% of male participants were affected, compared 
to 42.9% of female. A notable change was found in the „time since stroke‟ factor, 
where depression was found in 35.4% of patients in the ≤ 6-months subgroup 
whereas only 9.1% of those in the ≥ 7-months subgroup were affected. 
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Figure 5.6: Histogram of the distribution of total scores for 70 stroke patients on 
the Arabic HADS-Depression across baseline assessment 
 
 
 
Figure 5.7: Histogram of the distribution of total scores for 70 stroke patients on 
the Arabic HADS-Depression after 3-months follow-up 
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Table 5.11: Frequencies of depression for 70 stroke patients across baseline and 
3-months follow-up assessment 
 
Variables Subgroups n Baseline Follow - up 
Age ≤ 60 years 
≥ 61 years 
38 
 
32 
11 (28.9%) 
 
12 (37.5%) 
12 (31.6%) 
 
7 (21.6%) 
Gender Male 
Female 
56 
 
14 
18 (32.1%) 
 
5 (35.7%) 
 
13 (23.2%) 
 
6 (42.9%) 
Literacy Literate 
Illiterate 
55 
 
15 
16 (29.1%) 
 
7 (46.7%) 
12 (12.8%) 
 
7 (46.7%) 
Time since stroke ≤ 6 months 
 
≥ 7 months 
 
48 
 
22 
19 (39.6%) 
 
4 (18.2%) 
17(35.4%) 
 
2 (9.1%) 
Side of weakness Right 
 
Left 
 
36 
 
34 
13 (36.1%) 
 
10(29.4%) 
8 (22.2%) 
 
11 (32.4%) 
Treatment setting Hospital 
 
Rehabilitation 
30 
 
40 
11 (36.7%) 
 
12 (30%) 
10 (33.3%) 
 
9 (22.5%) 
All cases  70 21 (30%) 13 (18.6%) 
 
5.4.2.6 Differences in depression prevalence among subgroups at follow-up 
assessment 
As shown in Table 5.12, a post-hoc analysis using the Mann-Whitney test for 
depression at 3-months follow-up indicated significant differences in gender (z = -
2.16; p = 0.03) and „literacy‟ (z = -2.95; p = 0.05). No other characteristics were 
significant in the context of depression scores. Analysis of the median percentile 
revealed that depression scores were higher for women (median = 12) than for 
men (median = 7). Likewise, the literacy showed higher depression scores for the 
illiterate subgroup (median = 12) than for the literate subgroup (median = 7). 
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Table 5.12: Results from the post-hoc analysis using the Mann-Whitney test 
examining differences in depression prevalence among subgroups for 70 stroke 
patients at the follow-up assessment 
 
Subgroups n Mean SD Percentiles Z P 
25
th
 50
th 
(median) 
75
th
 
Age 
≤ 60 years 
 
≥ 61 years 
 
38 
 
32 
 
5.92 
 
6.16 
 
5.21 
 
4.59 
 
2 
 
2 
 
4.5 
 
6 
 
10.5 
 
7 
 
 
- .51 
 
 
.61 
Gender 
Male 
 
Female 
 
56 
 
14 
 
5.46 
 
8.29 
 
4.51 
 
4.08 
 
1 
 
4.75 
 
4.5 
 
9 
 
7 
 
12 
 
 
- 2.16 
 
 
.03 
Literacy 
Literate 
 
Illiterate 
 
55 
 
15 
 
5.43 
 
8.2 
 
4.68 
 
5.21 
 
2 
 
3 
 
5 
 
8 
 
7 
 
12 
 
 
- 1.95 
 
 
 
.05 
 
Time since stroke 
≤ 6 months 
 
≥ 7 months 
 
48 
 
22 
 
6.61 
 
4.77 
 
5.03 
 
4.44 
 
2 
 
1.75 
 
5 
 
3 
 
7 
 
7 
 
 
- 1.33 
 
 
 
 
.18 
Side of weakness 
Right 
 
Left 
 
36 
 
34 
 
5.81 
 
6.27 
 
4.84 
 
5.02 
 
1.25 
 
2 
 
5 
 
6 
 
9.5 
 
10.5 
 
 
- .37 
 
 
 
.71 
Treatment setting 
Hospital 
 
Rehabilitation 
 
30 
 
40 
 
6.5 
 
5.68 
 
5.64 
 
4.29 
 
2 
 
2 
 
4 
 
6 
 
12.5 
 
8.75 
 
 
- .31 
 
 
 
.75 
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Chapter Six: Results 3: Relationship between Cognitive 
Dysfunctions and Mood Disorders in Saudi Stroke Patients 
 
6.1 Introduction 
 
This Chapter examined the relationships between cognitive dysfunctions 
(orientation/attention, memory, fluency, language, visuospatial, visual neglect and 
executive functions) and mood disorders (anxiety and depression) in a sample of 
hospitalised patients in Saudi Arabia who have suffered a first-ever stroke. A 
detailed description of the procedures was provided in Chapter 3 (General 
Method). 
6.2 Results 
6.2.1 Differences between non-anxious and anxious patients on three 
neuropsychological scales 
Table 6.1 depicts the differences between non-anxious and anxious patients using 
three neuropsychological scales. Of the 100 research participants, 64 were non-
anxious and 36 were anxious. Mean values for the non-anxious patients were 
significantly higher on all neuropsychological scales, with the exception of the Trial 
Making Test (TMT) Part B, which showed the opposite results. The difference in 
direction for the TMT Part B is due to the direction of scoring involved in the TMT 
Part B (TMT-B). A higher score (times in seconds) on the TMT-B means that the 
participant was slow in responding while a lower score (times in seconds) indicates 
greater efficiency in completing the given test. When the direction of scoring is 
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taken into account, there is no difference in the results given by different 
measurement scales.   
Furthermore, the findings shown in Table 6.1 confirm that all the 
neuropsychological measures had significant p-values, that is, 0.01 or 0.02, 
confirming that there was a significant difference between the different cognitive 
dysfunctions and subgroups for anxiety disorders (anxious and non-anxious).  
Significant t-statistics for the non-anxious patients indicate that cognitive 
dysfunctions have less effect on the non-anxious patients under these scales, 
while they have a larger impact on the anxious patients. Results were different for 
the Trial-Making Test, in which low t-statistics for the anxious patients indicated 
less chance that cognitive dysfunctions under these scales have an impact on 
anxious patients, compared to a higher chance that cognitive dysfunctions have an 
impact on the non-anxious patients. The difference in assessing t-statistics for the 
TMT-B here is due to the scoring criteria of this scale where a lower value (time in 
seconds) represents an above-average performance while a higher value reflects 
deficient or average performance.  
Furthermore, for each of the neuropsychological scales given in Table 6.1 below, a 
statistically significant difference exists in the means between anxious and non-
anxious groups. 
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Table 6.1: Differences between non-anxious and anxious patients on three 
neuropsychological scales 
 
 
Neuropsychological Test 
 
n 
 
mean 
 
SD 
 
t. 
 
Sig. 
95% confidence 
Lower Upper 
ACE-R Overall 
cognitive function 
Non-anxious 
Anxious 
64 
36 
75.08 
37.78 
21.63 
24.06 
7.95 
7.71 
 
.001 
 
27.98 
 
46.62 
ACE-R 
Orientation/attention 
Non-anxious 
Anxious 
64 
36 
14.84 
7.53 
4.08 
4.81 
8.07 
7.69 
 
.001 
 
5.51 
 
9.12 
ACE-R Memory Non-anxious 
Anxious 
64 
36 
19.5 
10.31 
5.73 
6.55 
7.13 
7.04 
 
.001 
 
6.70 
 
11.69 
ACE-R Fluency Non-anxious 
Anxious 
64 
36 
8.03 
2.39 
3.63 
2.61 
8.20 
8.98 
 
.001 
 
4.28 
 
7.01 
ACE-R Language Non-anxious 
Anxious 
64 
36 
21.63 
12.67 
5.29 
7.85 
6.80 
6.11 
 
.001 
 
6.35 
 
11.57 
ACE-R Visuospatial Non-anxious 
Anxious 
64 
36 
11.19 
4.75 
4.16 
4.07 
7.48 
7.53 
 
.001 
 
4.73 
 
8.15 
Apple Cancellation 
Test 
Non-anxious 
Anxious 
60 
24 
40.09 
18.97 
11.91 
18.02 
7.04 
6.30 
 
.001 
 
15.17 
 
27.07 
Trail Making - B  
(minutes: seconds) 
Non-anxious 
Anxious 
18 
11 
2:56 
4:16 
01:27 
01:36 
- 3.29 
- 3.11 
 
.002 
 
- 02:08 
 
- 00:31 
 
6.2.2 Differences between non-depressed and depressed patients on three 
neuropsychological scales 
 
Of the 100 patients, 56 patients were not depressed and 44 were depressed. Table 
6.2 shows the differences between non-depressed and depressed patients on the 
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neuropsychological scales. The results show significant differences between both 
subgroups (non-depressed and depressed). 
Table 6.2: Differences between non-depressed and depressed patients on three 
neuropsychological scales 
 
 
Neuropsychological scale 
 
n 
 
mean 
 
SD 
 
t. 
 
Sig. 
95% confidence 
Lower Upper 
ACE-R Overall 
cognitive function 
Non-depressed 
Depressed 
56 
44 
75.79 
43.66 
22.45 
25.81 
6.65 
6.54 
 
.001 
 
22.54 
 
41.72 
ACE-R 
Orientation/Attention 
Non-depressed 
Depressed 
56 
44 
14.80 
8.91 
4.51 
5.11 
6.13 
6.04 
 
.001 
 
3.99 
 
7.80 
ACE-R Memory Non-depressed 
Depressed 
56 
44 
19.82 
11.57 
6.14 
6.41 
6.55 
6.51 
 
.001 
 
5.75 
 
10.76 
ACE-R Fluency Non-depressed 
Depressed 
56 
44 
8.13 
3.31 
3.84 
3.11 
6.77 
6.91 
 
.001 
 
3.41 
 
6.24 
ACE-R Language Non-depressed 
Depressed 
56 
44 
21.82 
14.11 
5.21 
8.05 
5.84 
5.56 
 
.001 
 
5.14 
 
10.42 
ACE-R Visuospatial Non-depressed 
Depressed 
56 
44 
11.52 
5.50 
4.06 
4.39 
7.10 
7.03 
 
.001 
 
4.34 
 
7.70 
Apple Cancellation 
Test 
Non-depressed 
Depressed 
53 
31 
40.80 
21.91 
11.82 
18.11 
6.29 
5.99 
 
001 
 
12.93 
 
24.85 
Trail Making -B 
(minutes: seconds) 
Non-depressed 
Depressed 
16 
13 
02:49 
04:05 
01:26 
01:32 
- 3.53 
- 3.44 
 
.001 
 
- 01:58 
 
-0:00:32 
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6.2.3 Predictors of mood disorders (anxiety and depression) after stroke 
 
The results of the multiple linear regression analysis are given below for the 
predictors of the severity of anxiety and depression post stroke, using the Arabic 
HADS-A and HADS-D as dependent variables. Demographic data (i.e., age, 
gender, literacy, time since stroke, side of weakness, treatment setting) and scores 
for the ACE-R, ACT, TMT-B tests at baseline assessment were used in the 
regression analysis as independent variables. The results can be used to assess 
the dependency of mood disorders (anxiety and depression) on the different 
predictor variables through the standardised coefficient (β). 
6.2.3.1 Multiple regression models for HADS-Anxiety scores 
First, the results of collinearity diagnostics for demographic variables, cognitive 
domains, the Apple Cancellation Test (ACT) and the TMT-B were calculated. The 
Variance Inflation Factor (VIF) was the statistical figure used for examining whether 
or not collinearly existed between the variables. VIF is a measure to estimate how 
much of the variance of a coefficient is inflated due to its linear dependence with 
other predictors. The criteria for assessing the Variance Inflation Factor (VIF) were 
as follows: a high VIF value, exceeding 5, means that a high collinearity exists 
between the research variables, while 1 < VIF < 5, means that  a moderate 
collinearity exists between variables, a lower figure, of less than 1, is evidence of 
non-collinearity between the research variables (Field, 2013). 
The VIF values for four of the six demographic factors were higher than 1 and 
lower than 5 i.e., for age (1.11), gender (1.08), „literacy‟ (1.050), „side of weakness‟ 
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(1.06), and treatment setting (1.10). This shows that there was moderate 
collinearity of concern between these variables. Table 6.3 also shows the results of 
the collinearity diagnostics for the cognitive domains predicting anxiety after stroke. 
According to VIF results, the ACE-R-Orientation/attention, ACE-R Memory, ACE-
R-Fluency, ACE-R-Language, ACE-R-Visuospatial ability, the Apple Cancellation 
Test and TMT-B had moderate collinearity with HADS-Anxiety. The high VIF 
values (e.g. > 4) existed between HADS-Anxiety and the variables of ACE-R 
Orientation/attention, ACE-R Memory and ACE-R Fluency. 
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Table 6.3: Regression (beta) coefficients and collinearity diagnostics for multiple regression models for HADS-Anxiety 
scores in relation to demographic variables, ACE-R, Apple Cancellation Test (ACT) and Trail Making Test Part B (TMT-B) 
 
Variables 
 
Age 
 
Gender 
 
Literacy 
 
Time 
since 
stroke 
 
Treatment 
setting 
 
 
Side of 
weakness 
 
ACE-
Overall 
 
ACE- 
Orientation/attention 
 
ACE-
Memory 
 
ACE-
Fluency 
 
ACE-
Language 
 
ACE-
Visuospatial 
 
ACT 
 
TMT-
B 
Model 1               
β - .103 .012 .304*** .278** - .078 - .061         
t. - 1.076 .103 3.280 2.997 - .820 - .648         
VIF 1.111 1.082 1.050 1.050 1.099 1.059         
R
2
 .206 
.190 
 
R
2
 adjusted 
Model 2               
β .014 .067 - .033 .183** .035 - .106 -.650***        
t. .188 .932 - .405 2.504 .477 - 1.479 - 8.894        
VIF 1.116 1.047 1.355 1.084 1.055 1.046 1.084        
R
2
 .522 
.512 
        
R
2
 adjusted         
Model 3               
β - .036 .084 - .003 .146* .017 - .114  - .163 - .144 -.688*** .009 - .249   
t. - .514 1.223 - .036 2.057 .224 - 1.659  - 1.141 - .978 - 9.686 .068 - 1.836   
VIF 1.067 1.054 1.273 1.112 1.051 1.048  4.501 4.769 1.112 3.501 4.141   
R
2
 .559 
.550 
        
R
2 
adjusted         
Model 4               
β .004 .006 .062 .202* .088 - .038  - .060 - .615*** - .258 .034 - .215 -.120 .178 
t. .044 .066 .698 2.341 .998 - .439  - .341 - 7.146 - 1.368 .196 - 1.585 -1.207 1.806 
VIF 1.029 1.058 1.080 1.023 1.062 1.017  4.180 1.023 4.971 4.026 2.594 1.377 1.382 
R
2
 .456 
.442 
        
R
2
 adjusted         
Abbreviations: (β) beta, (VIF), (***) p-value < .001, (**) p-value ≤ .01, (*) p-value ≤ .05 
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Table 6.3 shows the results of the regression (beta) coefficients and collinearity 
diagnostics for multiple regression models for the demographic variables as well as 
for the cognitive predictors of the HADS-Anxiety after stroke. Regression 
coefficients were calculated based on four models. Based on the results of Model 
1, „literacy‟ (β = -.304***, p < .001) and „time since stroke‟ (β = -.278*, p < .05) were 
significant predictors of the severity anxiety after stroke. Both variables explained 
19% of the severity of anxiety disorder assessed by the HADS-A. The 
demographic variables alone can predict anxiety to a relatively small extent. In 
Model 2, the results showed that „time since stroke‟ (β = -.183**, p < 0.01), and 
ACE-R-Overall (β = -.650*, p < .05) were significant predictors of the severity of 
anxiety after stroke. Both accounted for 51.2 % of the severity of anxiety disorder 
assessed by the HADS-A. In Model 3, „time since stroke‟ (β = -.146*, p < .05) and 
ACE-Fluency (β = - .688***, p < .001) were significant predictors of the severity of 
anxiety. The R2 adjusted was (55%). Lastly, the model 4 showed that „time since 
stroke‟ (β = - .202*, p < .05) and ACE-Memory (β = -.615***, p < .001) were 
significant predictors of the severity of anxiety. The value of R2 in this model was 
(44.2%). 
It was found that „literacy‟, „time since stroke‟, and fluency and memory 
impairments were the significant predictors of the severity of anxiety in this Saudi 
Arabian stroke sample. 
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6.2.4.2 Multiple Regression Models for HADS-Depression Scores 
From the analysis of the VIF values given in the Table 6.4, it can be observed that 
no demographic variable showed high collinearity (i.e., VIF values were less than 5 
and more than 1), which confirms that error variance for the unique effect of a 
predictor is moderate level. 
In the Model 3, the VIF value for the ACE-R Orientation/attention was 5.038, for 
ACE- and for ACE-Memory it was 5.567. This highlights the presence of high 
collinearity among those predictors and anxiety after stroke. However, in Model 4, 
the extent of collinearity was different for specific cognitive domains: for ACE-
Orientation/attention it was 4.294 and for ACE-Memory it was 1.406, indicating low 
VIF values, while the ACE-Fluency VIF value was high (5.068), that is, a relatively 
high VIF value. 
 
 
 
 
  
 
Chapter 6: Cognitive Dysfunctions and Mood Disorders 
 
202 
 
Table 6.4: Regression (beta) coefficients and collinearity diagnostics for multiple regression models for HADS-Depression scores 
in relation to demographic variables, ACE-R, Apple Cancellation Test (ACT) and Trail Making Test Part B (TMT-B) 
 
Variables 
 
Age 
 
Gender 
 
Literacy 
 
Time 
since 
stroke 
 
Treatment 
setting 
 
 
Side of 
weakness 
 
ACE-
Overall 
 
ACE- 
Orientation/attention 
 
ACE-
Memory 
 
ACE-
Fluency 
 
ACE-
Language 
 
ACE-
Visuospatial 
 
ACT 
 
TMT-B 
Model 1               
β - .099 - .017 .249** .263** - .030 - .023         
t. - 1.013 - .177 2.617 2.764 - .303 - .240         
VIF 1.111 1.082 1.050 1.050 1.099 1.059         
R
2
 .160 
.143 
 
R
2
 adjusted 
Model 2               
β .001 .034 - .022 .151 .100 - .050 - .640***        
t. .015 .431 - .248 1.890 1.294 - .633 - 8.240        
VIF 1.113 1.047 1.343 1.084 1.000 1.036 1.000        
R
2
 .409 
.403 
        
R
2
 adjusted         
Model 3               
β .010 .043 - .093 .124 .067 - .059  - .120 - .162 - .310* - .017 - .382*   
t. .118 .560 - .990 1.573 .890 - .760  - 707 - .912 - 2.022 - .101 - 2.494   
VIF 1.172 1.054 1.560 1.112 1.003 1.039  5.038 5.567 4.141 4.645 4.141   
R
2
 .449 
.438 
        
R
2 
adjusted         
Model 4               
β .018 - .045 - .011 .191* .071 - .024  .202 - .350** .047 .288 - .040 - .260* .165 
t. .187 - .459 - .110 2.010 .727 - .248  1.039 - 3.136 .219 1.516 - .245 - 2.34 1.500 
VIF 1.043 1.059 1.181 1.025 1.069 1.035  4.294 1.406 5.068 4.162 2.981 1.377 1.384 
R
2
 .345 
.318 
        
R
2
 adjusted         
Abbreviations: (β) beta, (VIF), (***) p-value < .001, (**) p-value ≤ .01, (*) p-value ≤ .05
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Table 6.4 shows the results of regression analysis for the demographic predictors 
of the HADS-Depression after stroke. After incorporating six independent 
demographic variables in the model, cognitive domains, the Apple Cancellation 
Test and the TMT-B, the results were assessed through four regression models. 
Based on the results of Model 1, „literacy‟ (β = -.249**, p < .01) and „time since 
stroke‟ (β = -.263**, p < .01) were significant predictors of the severity depression 
after stroke. Both these variables explained 14.3% of the severity of depression 
disorder assessed using the HADS-D. In Model 2, the results showed that only 
overall ACE-Overall scores (β = -.640***, p < .001) was significant predictor of the 
severity of depression after stroke. Further, this explained 40.3 % of the severity of 
depression assessed using the HADS-D.  
In Model 3, ACE-R-Fluency (β = -.310*, p < .05) and ACE-R-Visuospatial ability (β 
= -.382*, p < .05) were identified as significant predictors of the severity of 
depression. The R2 adjusted was 43.8%. Lastly, Model 4 showed that „time since 
stroke‟ (β = .191*, p < .05), ACE-Memory (β = -.350**, p < .01) and the Apple 
Cancellation Test (β = -.260*, p < .05) were significant predictors of the severity of 
depression. The value of R2 in this model was 31.8%.  
It can be concluded that „literacy‟, „time since stroke‟, fluency, memory, visuospatial 
ability, and the Apple Cancellation Test are the significant predictors of the severity 
of depression in Saudi stroke patients.
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Chapter Seven: Discussion and Conclusion 
 
 
7.1 Introduction 
 
The aim of the current research was to investigate the prevalence rate and 
relationship between the post-stroke cognitive dysfunctions and post-stroke mood 
disorders in Saudi Arabia. For assessing the degree of association between these 
disorders in the Saudi population, the research investigated different sub-domains 
of cognitive dysfunction and post-stroke mood disorders (i.e., anxiety and 
depression). It investigated and discussed them individually first before combining 
them in order to assess the relationship between them. In addition to this separate 
and combined neuropsychological assessment of dysfunctions and disorders, the 
extent of the relationship was measured through a systematic review of the 
literature. 
The findings and the conclusions of the chapters 4, 5 and 6 are discussed in the 
present chapter under key themes. The aim is to enable research audiences to 
understand and draw correlations between different sets of findings in a single 
platform. The findings of each chapter are subsequently compared with those of 
Western-based studies. The present chapter also discusses methodological 
issues, the psychological aspects of assessment, the timing of the assessments, 
statistical techniques, the strengths and limitations of the study, factors not 
included in the study, clinical implications and recommendations for future 
research. 
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The next section discusses the findings of Chapter Four, addressing the 
prevalence of post-stroke cognitive dysfunctions in Saudi Arabia. 
7.2 Discussion of findings of post-stroke cognitive dysfunctions in Saudi 
Arabia 
7.2.1 Frequency of overall cognitive dysfunction 
Using the Arabic ACE-R, it was found that 52% of participants demonstrated 
overall cognitive dysfunction. This percentage is consistent with the frequencies 
reported in the systematic review by Rijsbergen et al. (2014) who found that the 
frequency of cognitive dysfunction, assessed between one month and 54 months 
after stroke, varied between 28% and 92%. 
This finding further corresponds with those of Abdul-Sattar and Godab (2013) who 
found that 47.2% of patients in Saudi Arabia were cognitively impaired after stroke. 
Although these two percentages roughly correspond (52% and 47.2%), there 
remains a 4.8% difference between the findings of Abdul-Sattar and Godab (2013) 
and those of the present study. A possible reason for this difference is the nature of 
the neuropsychological tools used in each study. Abdul-Sattar and Godab (2013) 
used the MMSE, whereas the present study used the Arabic ACE-R to assess 
overall cognitive dysfunction. The Arabic ACE-R found a higher rate of prevalence 
than did the MMSE due to its higher psychometric properties i.e., sensitivity and 
responsiveness to cognitive impairment. Comparing those same two 
neuropsychological tests and their effect on prevalence of cognitive impairment 
after stroke, Morris et al. (2012) found that the prevalence of cognitive impairment 
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measured by MMSE was 50%, while the corresponding figure using the ACE-R 
was 75% of 101 acute stroke patients. 
Another possible factor contributing to the difference (4.8%) between the findings 
of Abdul-Sattar and Godab (2013) and those of the present study is the study 
setting. Abdul-Sattar and Godab (2013) assessed Saudi stroke patients in a 
rehabilitation setting, while the present study recruited participants from both: 
hospital and from rehabilitation. The present study found that rates of overall 
cognitive dysfunction were lower at 50.8% in the rehabilitation setting. This finding 
corresponds with those of Saxena et al. (2008) who concluded that the prevalence 
of cognitive impairment was 54% in stroke patients during their rehabilitation. 
7.2.2 Factors found to be related to overall cognitive dysfunction 
Thus, the present study found that there were significant differences between 
scores on the Arabic ACE-R for overall cognitive dysfunction according to four 
patient characteristics. These four characteristics were: age (≤ 60 vs. ≥ 61 years), 
gender (male vs. female), literacy  (literate vs. illiterate), and „time since stroke‟ (≤ 6 
vs. ≥ 7 months). 
Age (≤ 60 vs. ≥ 61 years): 
In terms of the age of the patient, it was found that patients who were 60 years old 
and younger obtained a higher mean score on the Arabic ACE-R for overall 
cognitive dysfunction than those who were 61 years old and over. Previous 
research substantiates the finding that the prevalence of cognitive impairment after 
stroke is higher with increasing age (Barker-Collo et al., 2012; Mukhopadhyay, 
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Sundar, Adwani, & Pandit, 2012; Nys et al., 2006; Patel et al., 2002; Rasquin, 
Verhey, Lousberg, Winkens, & Lodder, 2002; Tang et al., 2006). A possible 
explanation is that older stroke patients in Saudi Arabia develop other serious 
neurological disorders as a result of stroke, such as dementia which is known to be 
a common disorder after stroke and significantly associated with older age ranges 
(Madureira et al., 2001). 
Despite no specific reports exploring the frequency of neurological disorders (e.g., 
dementia) after stroke in Saudi Arabia, Ogunniyi et al. (1998) indicated that the rate 
of dementia in hospitalised Saudi patients was 19.3/100,000 while the mean age at 
onset of dementia was 74.6 years. The types of dementia were: Alzheimer‟s 
disease (51.9%), vascular dementia (18.2%), mixed (15.6%), dementia with 
Parkinson‟s disease (7.8%) and treatable dementia (5.2%). Investigating the rate of 
dementia among stroke patients in the Egyptian population , who are assumed to 
be culturally similar to people in Saudi Arabia, Khedr et al. (2009) found post-stroke 
dementia in 21% of patients and that it was significantly related to older age. 
Gender (Male vs. Female): 
Aside from age, the findings of Chapter 4 highlighted that gender was significantly 
related to the rate of overall cognitive impairment after stroke in the Saudi 
population. The post-hoc analysis revealed that female participants scored 
significantly lower than males on the Arabic ACE-R for overall cognitive 
impairment. This finding is consistent with previous studies, such as Rasquin et al. 
(2002), Yen et al. (2010), and Rasquin, Lodder, and Verhey, (2005). However, 
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likely reasons for the poor performance of females on the Arabic ACE-R scale in 
the current study include the higher age of women (60.58 years). However, the 
representativeness of the sample can be argued to be lower due to its small size in 
the current study i.e., only 24. This is supported by different studies that recruited a 
larger proportion of females. For example, Mukhopadhyay et al. (2012) found that 
the prevalence of cognitive impairment was increased higher in men than in 
women. Another major difference between the previous study and current study 
can be traced to the MMSE scores where, out of 27 stroke survivors evaluated for 
cognitive dysfunction, 18 (66.66%) had MMSE scores of less than 24. Likewise, 
such high scores can be attributed to the elderly population, aged 60 years and 
above, investigated in this study.  
On the other hand, Patel et al. (2002), Ayerbe et al. (2011), and Douiri et al. (2013) 
found no significant differences between males and females in the severity of 
overall cognitive impairment post stroke. Therefore, to determine the impact of 
gender, further research is needed to establish whether being female has a greater 
influence than being male on cognitive ability after stroke. 
Literacy (Literate vs. Illiterate): 
The issue of illiteracy can be better explained by focusing on the level of poverty 
and differences in the social status of people in Saudi Arabia. Secondary data 
analysis revealed that illiteracy in Saudi Arabia is related mainly with older people 
(over 70 years old). The reason is related with the fact that Saudi Arabia became a 
nation formally in 1932 while education was made mandatory in 1958. Therefore, 
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current generations of population whole belonged to the period before 1958 are 
mostly illiterate. Additionally, it can also be examined that in Saudi Arabia there are 
numerous distant rural communities spread in the desert areas of the country, 
which can be characterised by instability measured through high illiteracy, poverty 
and ignorance. Besides the adversely influencing factors, illiteracy in Saudi Arabia 
can be characterised with the help of criticisms blaming the poor education system 
in the nation comparative to the developed countries of the world. Most of the 
educational institutions in the country encounter challenges related with poorly 
trained teachers, low retention rates, lack of rigorous standards, weak scientific 
and lack of technical instructions. 
In addition to age and gender, illiteracy was found in the present study to be a 
significant factor in the level of overall cognitive impairment as rated by the Arabic 
ACE-R screening test in the Saudi sample. It was found that stroke patients who 
were illiterate had trouble organising essential information, lack of communication 
skills, and lack extensive vocabularies for understanding new words and keeping 
track of instructions for performing in the neuropsychological assessment. The fact 
that stroke patients with lower education levels performed worse on 
neuropsychological assessments is supported by previous literature (Desmond et 
al., 2000; Madureira et al., 2001; Pohjasvaara, Erkinjuntti, Vataja, & Kaste, 1997). 
However, this conclusion is still unconfirmed in Saudi Arabia because stroke 
patients may perform worse on neuropsychological tests as a result of the lack of 
reading and writing skills, and this could increase the rate of false positive cases of 
rates of cognitive impairment post stroke (Madureira et al., 2001). Reading and 
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writing skills required for the ACE-R include reading alphabetically, reading 
sentences, writing words, and writing sentences containing verbs and a subject 
and having meanings.   In addition, due to the demographics in Saudi Arabia, the 
sample of the present study had a relatively high level of illiteracy the findings 
among most of the age groups, including elderly and older people, were different 
from the western-based studies, where the samples have a higher level of literacy 
due to higher education levels. Research literature on the performance of lower-
educated stroke patients in neuropsychological tests remains limited, notably in 
terms of illiterate populations, therefore the influence of illiteracy on the prevalence 
of cognitive impairment after stroke is still uncertain. 
Time since stroke (≤ 6 vs. ≥ 7 months): 
Time elapsed since stroke was found to be an important variable for increased 
overall cognitive dysfunction in the Saudi stroke sample. Patients within 6 months 
or less of suffering a stroke showed a higher prevalence of cognitive dysfunction 
than those who were longer post stroke. A systematic review of subjective 
cognitive complaints after stroke by Rijsbergen et al. (2014) found different results. 
Only two of five studies in Rijsbergen et al.‟s (2014) review indicated that the rate 
of cognitive complaints (i.e., cognitive impairments assessed on 
neuropsychological scales) decreased over time following the stroke, while three 
studies found that this rate increased over time since the stroke. 
A possible explanation for the inconsistency in the findings between Rijsbergen et 
al.‟s (2014) systematic review and those of the present study concerns the medical 
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system for caring for people with stroke in Saudi Arabia. Within the Saudi 
healthcare system, stroke patients are admitted to intensive care units in the 
hospitals for 4 days to 3 months, depending on the severity of the stroke 
symptoms. Those who need rehabilitation are referred to a rehabilitation centre, 
and their length of stay ranges from 6 weeks to 4 months. Typically, patients who 
are referred to a rehabilitation centre receive therapeutic strategies including 
cognitive rehabilitation to reduce the severity of their cognitive impairment. As 59% 
of the participants in the present study were sampled from rehabilitation units, it is 
expected that those patients were given special cognitive training to improve their 
cognitive functioning due to the severity of their cognitive problems, including 
subjective memory problems, perceived cognitive problems related to mental 
slowness, and other memory complaints. 
7.2.3 Frequency of dysfunction in cognitive domains 
The present study has included eight cognitive domains most commonly affected in 
stroke patients. The results for the Saudi Arabian sample (n=100) showed the 
following frequencies for the post-stroke dysfunctions by domains: 
orientation/attention (52%), memory (55%), fluency (36%), language (46%), 
visuospatial ability (29%), visual neglect (35.7%), visual-motor skills (58.4%), and 
executive dysfunction (69%). 
To the researcher‟s knowledge, no published study has explored the prevalence of 
impairment in these cognitive domains in a population of Saudi stroke patients. 
However, the results of European studies reveal that developed countries report a 
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similar set of cognitive dysfunctions within the post-stroke period. It is therefore 
logical to discuss the findings of the present study in terms of these European-
based findings. European studies include: Blake et al. (2002); Duits et al. (2008); 
Leśniak et al. (2008); Nys et al. (2005); Nys et al. (2006); Passier et al. (2010);  
Rasquin et al. (2004); Verhoeven et al. (2011). These studies highlight the 
presence and prevalence of impairments in visuospatial, memory and executive-
function domains, comparatively more than any other dysfunctions in a European 
population, similar to that found in the present study. The frequency of the different 
cognitive dysfunctions within these studies are as follows: 26-72% of stroke 
patients had impaired attention (cf. 52% in the present study); 18.8-56% had 
memory impairment (cf. 55% in the present study); 21-40% had language disorder 
(cf. 46% in the present study); 27.5-66% had visual perception difficulties (cf. 29% 
in the present study); 19.3-42% had visual neglect (cf. 35.7% in the present study); 
and 18.5-52% had executive dysfunctions (cf. 63.7% in the present study), 
regardless of the time since the onset of the stroke. The findings showed that the 
rates of cognitive dysfunction in these investigated European countries are similar 
to or slightly higher than those in the current study. 
Five cognitive domains (orientation/attention, memory, fluency, language, 
visuospatial ability) have been examined using the Arabia ACE-R. The prevalence 
of orientation/attention deficit in the present study was 52% (n=100). The literature 
further validated that orientation/attention deficits are common among stroke 
patients. Hyndman and Ashburn, (2003) estimated that range of attention deficit 
after stroke ranges from 10% to 43% regardless of „time since stroke‟. The present 
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study, however, found that a higher proportion of orientation/attention disorder 
occurred in those within 6 months or less of suffering a stroke. This result also 
confirms that „time elapsed since stroke‟ can be a significant factor in the rate of 
orientation/attention deficit after stroke in the Saudi population. For example, 
Stapleton et al., (2001) found that 42.9% to 85.71% of stroke patients had attention 
deficit within six weeks of stroke. Hurford, Charidimou, Fox, Cipolotti, and Werring, 
(2013) found that 72.4% of stroke patients presented attention disorder in the acute 
phase, while 37.9% of them presented attention deficits three months later. 
Despite patients with pre-stroke dementia being excluded from this study, a high 
percentage of the participants (55%) had memory impairment. This frequency is 
lower than that found by Riepe, Riss, Bittner, and Huber (2003) who concluded that 
the frequency of memory impairment was 73.2% during the acute phase of stroke, 
whereas the corresponding percentage reported by Duits et al. (2008) was much 
lower at 38%. However, the reason behind this much lower percentage can traced 
back to the use of the Checklist for Cognitive and Emotional Consequences solely, 
rather than the use of any specific neuropsychological measure or scale. However, 
Nøkleby et al. (2008) found a similar percentage to the present study, namely, 53% 
of stroke patients had memory impairment. This heterogeneity in the percentages 
may be due to the types of screening tools used to assess memory impairment. 
Nøkleby et al. (2008) reported results based on the measures of the following three 
screening tests: the Cognistat, the Screening Instrument for Neuropsychological 
Impairments in Stroke (SINS), and the Clock Drawing Test. The selection of 
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screening tools affects the prevalence rates among the patients due to differences 
in the specificities and sensitivity of these tools (Blake et al., 2002). 
Fluency and language difficulties were found to have a 36% and 46% prevalence 
rate among the post-stroke patients, respectively. These difficulties included 
aphasia along with the other language disorders. These rates were lower than 
those of the previous study by Morris et al. (2012) who reported a prevalence rate 
for fluency disorder of 66.3%. However, these rates were similar to the findings of 
Chahal et al. (2010) and Camoes-Barbosa et al. (2012) who reported a significant 
relationship between aphasia and language disorders. 
Another frequent deficit in this study is visuospatial perception disorder. Assessed 
by ACE-R, this showed a prevalence rate of 29% among participants. The effects 
of demographic factors can be used to trace the reasons behind this relatively low 
prevalence rate. The literature has also not recognised visuo-spatial disorders as a 
common or prevailing condition after stroke. In contrast, the current study identified 
a notably higher rate of executive dysfunctions (69%). This is similar to European 
studies which reported prevalence rates for executive dysfunctions of 18.5-52%. 
These findings confirm that executive dysfunctions are a common condition in the 
post-stroke period. 
Interestingly, differences can be observed when we compare our findings with 
those of Morris et al. (2012) who used the ACE-R to assess the frequency of 
cognitive dysfunctions post stroke. The authors found that overall cognitive 
impairment ranged between 58.4 % and 92.1% in 101 patients with stroke. Most of 
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the cognitive deficits were in the following domains: orientation/attention (53.5%), 
visuospatial ability (65.3%), fluency (66.3%) and memory (58.4%). The 
heterogeneity of the present study‟s findings can be attributed to the cut-off scores 
applied. In Morris et al. (2012), cut-off points were applied to each participant 
according to age (50-59 years, 60-69 years, ≥ 70 years); while in the Saudi-based 
literature, cut-off scores were applied according to age (50-59 years, 60-69 years, 
≥ 70 years) and literacy (literate vs. illiterate) (Al Salman, 2013). This further 
confirms that detailed analysis of patient characteristics can result in variable 
findings, depending on whether a broader or narrower analysis of the patients‟ 
characteristics is applied.     
Another reason behind the heterogeneity (that is, the differences between the 
current study and Morris et al. (2012)) is „time elapsed since stroke‟. Morris et al. 
(2012) assessed patients within the acute phase of stroke (median = 15 days); 
while the time since stroke in the present investigation extended from 1 to 48 
months (median = 3 months). 
From the Apple Cancellation Test, it was found that 35.7% of the sample 
demonstrated visual neglect. This finding was similar to those of Becker and 
Karnath (2007), Chechlacz et al. (2012) and Ringman et al. (2004). In terms of the 
visual neglect subtypes, our findings showed that the egocentric neglect was more 
prevalent in the stroke patients within the age group of 61 years and older, in the 
illiterate group, in those ≤ 6 months of stroke, and in the left side weakness group. 
Allocentric neglect was significantly more prevalent among patients with left side 
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weakness after stroke while other variables of age, gender, literacy, time since 
stroke and treatment setting were shown no significant differences in allocentric 
neglect. A noteworthy point examined in the current study was the association 
between visual neglect and left side weakness. It was found that visual neglect as 
well as both subtypes was significantly prevalent among patients with left side 
weakness compared to those with right side weakness. This has been explained 
that the visual neglect disorder is following right-hemisphere strokes. It is probable 
that patients with left-sided weakness had a stroke in the right-side of the brain 
which may affect the physical abilities in the opposite side of the body. The findings 
of the present study correspond to those of Bowen et al. (1999) who in a 
systematic review reported that unilateral spatial neglect occurs more frequently 
after right-brain damage than after left-brain damage, in 16 out of 30 studies 
reviewed. Lindén, Samuelsson, Skoog, and Blomstrand (2005) found also that 
most the patients with visual neglect showed left-sided weakness (71%). Our 
finding was also correspond with Becker and Karnath (2007), and Chechlacz et al. 
(2012) who found that 24.3% to 33.3% of patients with right hemisphere strokes, 
while 3.6% and 10.9% of patients with left hemisphere stroke had neglect. 
Results of the TMT Part A showed that 58.4% of participants had visual-motor 
skills dysfunction. Four factors – age, „level of literacy‟, „time since stroke‟, and 
„side of weakness‟ – showed significant differences between their subgroups. It 
was found that the rate of visual-motor skills dysfunction post stroke increased with 
age (61 years and over), among patients within 6 months or less of suffering a 
stroke, and among those with „right side of weakness‟. Van Zandvoort, Kessels, 
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Nys, De Haan, and Kappelle (2005) also substantiated the significant results 
(52%), confirming the impact of stroke on motor-skill deficiencies in the post-stroke 
period. 
In terms of the TMT test, it is unsurprising that only 77 of the 100 and 29 of the 100 
completed Part A and Part B respectively. A reason for such a low response rate 
for Part-B could be the task complexity involved in the TMT-B compared to that of 
the TMT-A; the TMT-B contains both alphabets and digits while the TMT-A is 
based only on digits.  
Part B showed that the disability might be related to the severity of their post-stroke 
executive dysfunctions. Results of the TMT Part B showed that 69% obtained 
lower than the standard cut-off scores. Executive functions are comprised of 
complex cognitive abilities, including conceptual reasoning, cognitive flexibility, 
planning, and problem-solving (Stuss & Knight, 2013). This may explain the high 
rate of stroke patients reported in the present study as having executive 
dysfunctions. The literature found that executive dysfunctions were diagnosed in 
26.4-52% of stroke patients (Blake et al., 2002; Nys, et al., 2006: Patel et al., 
2002). Using the TMT for stroke patients, Van Zandvoort, Kessels, Nys, De Haan, 
and Kappelle (2005) also reported lower results to the present study: they found 
that 52% and 57% of patients scored lower than the cut-offs points on Part A and 
B, respectively. A reason for the relatively high rate in the present study could be 
the demographic factors of the Saudi population which differ from those of western 
countries, specifically in terms of literacy rates. 
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7.2.4 Factors found to be related to dysfunction in cognitive domains 
Age (≤ 60 vs. ≥ 61 years): 
The findings were the comparison between six demographic characteristics in 
terms of cognitive dysfunctions, assessed using the ACE-R. A crucial aspect 
examined was „age of patient‟, as some of the Western studies showed the 
influence of older age on post-stroke cognitive dysfunctions. Similarly, age was 
analysed in the Saudi Arabian population. The current study confirmed that stroke 
patient aged 61 years and over had higher cognitive impairments in 
orientation/attention, memory, fluency, language and executive function than those 
aged 60 years and under. Thus, the present study supports the impact of age the 
cognitive dysfunctions among post-stroke patients. The older the patient, the more 
likely they are to suffer from some type of cognitive dysfunction after stroke. The 
previous literature explained this increase by reporting that the prevalence of 
cognitive dysfunctions after stroke remains high as stroke-patients age, with 
variations being predominantly explained by the socio-demographic characteristics 
of the patients (Douiri, Rudd, & Wolfe, 2013; Patel, Coshall, Rudd, & Wolfe, 2002). 
Gender (Male vs. Female): 
This study found significant differences between males and females in two 
cognitive domains (orientation/attention, and fluency) and overall cognitive 
function. However, such differences can arguably be attributed to bias because 
previous studies such as Patel et al. (2002) did not find any significant differences 
between males and females in post-stroke cognitive dysfunction. As mentioned 
above, a limitation of the present study is the relatively small number of females in 
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the sample. This finding is likely due to a bias towards males in the present study 
in that 76% of the sample was male and only 24% was female (n=100). In the 
smaller sample, a greater dispersion in the results of the sample participants is 
likely. It is important to discuss the reasons behind inclusion of more men in this 
study relative to female. There are several reasons behind it. One of the major 
causes is related with the cultural issues prevailing in Saudi Arabia. In Saudi 
Arabia, the traditional dressing of the female forces them to wear face-coverings in 
front of strangers. Therefore, traditionally restricted women to prevent themselves 
to take part in any of such activities that is against their cultural factors such as 
neuropsychological assessment and participation in research such as this study. 
On the other side, the neuropsychological assessment in the current study was 
designed in a way that asked the females to move the veil. The most impact of veil 
in this study occurs with losing any degree of visual or hearing ability which can 
affect negatively on performance of neuropsychological tests. Coverage of both 
eyes and ears during assessment may cause weakly psychometric test 
performance, and failure to take this into account can result in a false impression of 
neuropsychological impairment. This was the main reason why most of the females 
refused to take participation in the current study. Despite this, Islamic Hijaab never 
becomes an impediment for the women‟s participation in any kind of medical 
assessment experiences but the over influencing traditional national culture still 
pressurises the Saudi Women to steer away from strangers. Similarly, another 
reason behind the lower female participation is related with the fact that the male 
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researcher conducted the present study while normally the female psychologists 
carry out neuropsychological assessment with female patients in Saudi Arabia.  
The third reason for lower women participation in this study is the lower percentage 
of the female wards in Saudi Arabian hospitals. The personal experience within the 
Prince Sultan bin Abdulaziz Humanitarian City (SBAHC) can be examined to justify 
the lower outcomes. Currently, SBAHC has three stroke wards, two of which are 
dedicated to men and one to women. All these aforementioned factors can be 
deemed as probable reasons behind the lower percentage of female participants in 
the current study. On the other hand, in the smaller sample, it is possible that some 
key characteristics are overlooked that have the potential to change the results. 
The findings in the current study are nevertheless important because of the 
absence of any confounding effects in considering gender with age and with 
literacy. 
Literacy (Literate vs. Illiterate): 
Aside from age and gender, the present study also found that „level of literacy‟ 
(categorised into literate vs. illiterate) determined the occurrence of post-stroke 
cognitive dysfunctions. The performance of the illiterate patients (28% of the 
sample) was significantly worse than that of the literate group (72% of the sample) 
in six cognitive domains: orientation/attention, memory, fluency, language, 
visuospatial ability, and visual neglect. This is consistent with the findings of Ostir, 
Raji, Ottenbacher, Markides, and Goodwin (2003) who found in a sample of 
Mexican American stroke patients that patients with MMSE scores of less than 21 
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were more likely to be less educated. Another investigation, by Madureira et al. 
(2001), confirmed that stroke patients with memory impairment were less educated 
than those without memory impairment. Literacy might be related to the memory 
domain because people with memory disorders are not able to learn and retain 
knowledge and information for a long period of time. 
 
Time since stroke (≤ 6 vs. ≥ 7 months): 
Another variable impacting upon the prevalence of cognitive-domain dysfunction in 
the Saudi stroke population was „time elapsed since stroke‟ (≤ 6 vs. ≥ 7 months). 
The presence of impairments in orientation/attention, memory, fluency, language 
and executive functions were significantly greater among patients within 6 months 
or less of suffering a stroke compared to those who had suffered a stroke 7 months 
ago or longer. This finding suggests that the effectiveness of cognitive 
rehabilitation depends critically on „time since stroke‟ only when patients have 
received treatment for a long period of time and, as a result of rehabilitation, their 
condition is improved. Above, it was mentioned that, in some cases, patients with 
longer stays in rehabilitation centres  receive special cognitive training while those 
with shorter stays are neglected (Lincoln et al., 2012). Moreover, due to the lack of 
cognitive training within the first 6 months after stroke, the first 6 months after the 
stroke are highly significant for the prevalence of cognitive dysfunctions (Saxena et 
al., 2008). 
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Side of weakness (Right vs. Left): 
A potential variable influencing the Saudi population of stroke patients is „side of 
weakness‟. The current study also showed that the prevalence of cognitive 
dysfunctions after stroke was higher depending on „side of weakness‟. Impaired 
cognitive domains were found in 35.3-60.8% of participants with right-side 
weakness while they were found in 22.4-49% of participants with left-side 
weakness. This finding corresponds with those of Påhlman, Sävborg, and 
Tarkowski (2012) who reported that patients with impaired cognitive and executive 
functions after stroke are at risk of developing physical impairment. According to 
authors, factors that appeared to predict low level of physical activity at the acute 
phase were impaired global cognition before stroke, visual neglect and impaired 
logical deductive ability, and impaired global cognition, executive function, and 
visual memory 1 year after stroke. 
The present study found also that those with left-side weakness showed more 
visual neglect disorder than did those with right-side weakness. The findings 
showed that patients with left-side weaknesses suffered from egocentric and 
allocentric neglect disorders. A possible explanation is that the right hemisphere is 
an important brain area for both creative use of visual perception (Bowen et al., 
1999). Thus, damage in the right hemisphere may lead to significant impairment of 
visual perception, and may disable the left side of the body as well. Consequently, 
patients with left-side weakness experience visual neglect as a result of lesion after 
stroke in the opposite area of the cerebrum. 
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7.2.5 Summary of the findings of post-stroke cognitive dysfunction in Saudi 
Arabia 
The findings in Chapter 4 can be summarised  that more than half of stroke 
patients in this sample from Saudi Arabia (52%) had overall cognitive dysfunction 
assessed using the Arabic ACE-R. The prevalence of cognitive dysfunctions 
pertaining to orientation/attention, memory, fluency, language, visuospatial ability, 
and overall cognitive dysfunction increased with the age (≥ 61 years), time since 
stroke (≤ 6 months) and illiteracy. The clinical evidence gathered in this study 
through assessment by the Arabic ACE-R, Apple Cancellation Test, and TMT 
(Parts A and B) confirmed the findings about other cohorts in this field. These three 
characteristics of the Saudi Arabian population were identified as significantly 
related with prevalence of the cognitive dysfunctions. A high frequency of 
dysfunction was reported in illiterate patients and in those patients within 6 months 
or less of suffering a stroke. Additionally, the older age subgroup was found to be 
most affected by executive dysfunctions. The results of the other cognitive domains 
indicated that older age-groups are associated with a higher prevalence of 
cognitive dysfunctions in the post-stroke period. 
These findings may be relevant to clinical practitioners, medical researchers as 
well as patients. They suggest that focusing on age, „level of literacy‟ and „time 
since stroke‟ in the post-stroke period could help patients to deal with their 
cognitive dysfunctions and improve their quality of life. For example, cognitive 
impairments such as executive dysfunction have been found to be highly 
associated with age in the post-stroke period and therefore effective preventive 
Chapter 7: Discussion and Conclusion 
 
224 
 
strategies and post-stroke surveillance can help older stroke-survivors to manage 
their daily lives.  
The findings also present a multi-dimensional view by highlighting the role played 
by selected tools and the timing of measurements in bringing about variable 
results. Thus, it is important to take into account the specificity and sensitivity of the 
chosen instrument. For example, the Arabic ACE-R was found to be effective in 
assessing all cognitive dysfunctions. In comparison, MMSE used in the global 
studies did not report high effectiveness in assessing all the cognitive dysfunctions 
(a 50% prevalence rate for overall cognitive impairments on the MMSE and a 75% 
prevalence rate on the ACE-R, according to Morris et al. (2012)). It can be argued 
that the Apple Cancellation Scale was designed to detect the rate of visual neglect 
only. Likewise, the TMT tests facilitate the measurement of visual-motor skills and 
executive dysfunctions. The effectiveness of different tools varies with their internal 
psychometric properties. The specific use of different tools provides a standard 
base for the clinical studies. Lincoln et al. (2011) reported some barriers against 
using the MMSE for assessment before the initial screening test. Morris, Hacker, 
and Lincoln (2012) found that the ACE-R was highly effective and reliable in 
screening cognitive functions among the acute stroke patients. 
The present findings in Chapter 4 have several strengths. It is the first study to 
investigate cognitive dysfunctions after stroke in Saudi Arabia. The lack of valid 
psychometric tools is a key reason behind this gap in the literature. Thus, the 
present findings can be used for establishing a standard related to the use of the 
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ACE-R, Apple Cancellation Test and TMT including their cut-off scores. These 
findings also showed that medical documentation, patient records and medical files 
can be used for screening patients with cognitive dysfunctions, with and without 
dementia. This may contribute to the representativeness of the data in different 
categories such as health control and previously-sick patients suffering from some 
sort of disability such as Mild Cognitive Impairment (MCI) or dementia of the 
Alzheimer‟s type (DAT). Another advantage of the present findings is its multi-
dimensional nature in terms of the examination of the rate of cognitive dysfunctions 
through the „lens‟ of six demographic subgroups. Distinguishing between literate 
and illiterate patients was especially helpful to the current research. Likewise, the 
study analyses a mixture of internal factors (age, gender, literacy, time since 
stroke, side of weakness) and external factors (treatment setting) that may 
contribute to the prevalence of cognitive dysfunctions after stroke. 
Despite these strengths, five limitations of these findings may be identified. First, a 
small number of total stroke patients (n=100), used proportionately in different 
tests, were administered the neuropsychological tests. Generally, a sample size of 
100 is regarded as small, considering the thousands of post-stroke patients 
suffering annually from stroke and the resulting cognitive and mood disorders. 
Despite the sample size, the potential for estimating population prevalence was 
vital in the present study. The chosen sample was helpful in estimating the 
prevalence of disease in a population at the specific point of time when the 
baseline assessment and follow-up assessments were conducted. The use of the 
small sample was effective in the current research because it was based on the 
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point prevalence i.e. single assessment of a fixed point in time. The sample size 
was not used for identifying the period prevalence that looks at the percentage 
prevalence of the population at any time within a stated period. Therefore, it can be 
stated that the sample chosen in the present study was representative of the 
population. The point sample of 100 for identifying point prevalence at baseline and 
follow-up assessments therefore did not lack precision. Additionally, literature 
review has confirmed that the prevalence of anxiety and depression disorders as 
well as cognitive dysfunctions have not been examined in the post stroke patients 
in Saudi Arabia, therefore there was no need for a large sample for making 
statistical inferences. 
Aside from the neuropsychological assessment, a systematic review was also 
undertaken to resolve this issue. A second limitation is that this was not a 
population-based study because participants were recruited from hospitals and 
rehabilitation centres; it therefore omitted patients in communities. There is the 
possibility that a significant number of cases are not reported in Saudi hospitals 
which would affect the prevalence figures of the current study, making it higher 
than that reported due to identifying a relationship between certain socio-
demographic characteristics and cognitive dysfunctions. These possible 
weaknesses may adversely affect the generalisation of the results to general 
clinical practice in Saudi Arabia. Thirdly, the present findings focused on the 
prevalence of cognitive dysfunctions at baseline assessment and did not include a 
follow-up assessment. Baseline results normally show a higher prevalence than 
follow-up because follow-up studies normally embody the effects of treatment, care 
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and interventions offered to the post-stroke patients in the hospitals and 
rehabilitation centres. 
The main limitation of these findings was the use of only a brief measure to assess 
the severity of impairment in cognitive domains. The Arabic ACE-R gives no more 
than a brief screening of the cognitive consequences of a stroke, which leaves us 
with the problems of questionable reliability and validity. A more detailed 
assessment of post-stroke cognitive dysfunction in Saudi Arabia is necessary to 
provide more valid data about cognitive abilities than the present scanning task 
used. For example, the Arabic ACE-R does not contribute to the identification of 
patients with different types of attention deficit (e.g., selective and divided) or 
memory disorder (e.g., long term and working memory). As such, a 
neuropsychological battery is required to identify patients with subdivisions of 
cognitive dysfunction after stroke. To use neuropsychological batteries in future 
studies, it would be necessary to categorise the attention deficits and memory 
disorders into subcategories that are likely to raise the prevalence rate of 
impairments in cognitive domains in Saudi patients. Finally, the study aimed to 
examine only six demographic factors, while others factors, such as location of 
stroke, were not considered. Factors such as gender, age, literacy,‟ time since 
stroke‟, „side of weakness‟ and settings have been considered in relation to 
cognitive dysfunctions in previous studies. 
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After discussing the comparative findings for prevalence of cognitive dysfunctions 
within Saudi Arabian stroke patients, the next section discusses the findings of 
Chapter Five, on the prevalence of post-stroke mood disorders in Saudi Arabia. 
7.3 Discussion of findings of post-stroke mood disorders in Saudi Arabia 
The following section addresses rate of post-stroke mood disorders (anxiety and 
depression) and factors found to be associated with mood disorders (anxiety and 
depression). 
7.3.1 Frequency of post-stroke mood disorders 
At the initial assessment, out of the total sample of 100 patients who took part in 
the study, anxiety and depression were identified in 36% and 44% of participants, 
respectively. This suggests that anxiety and depression are frequently found 
among stroke patients. It should be noted that mood disorders prevalence rate in 
Saudi Arabia was slightly higher than that found in past Western-based studies 
(Burton et al., 2013; Hackett et al., 2014). Hackett et al. (2014) in their review 
reported depression prevalence rates of 28-31% while Burton et al. (2013) in their 
systematic review reported anxiety prevalence rates of 20 - 25%. A possible 
reason for the difference between the Saudi and Western-based samples is 
educational level differences in that 19% of the Saudi population over 60 years old 
was identified as illiterate. Lack of awareness and knowledge about mood 
disorders might lead to severe mood disorders in post-stroke patients. Using a 
western sample, two studies (Merriman, Norman, & Barton, 2007; Sagen et al., 
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2010) considered in the current study also found a significant association between 
„level of literacy‟ and the moods of post-stroke patients.   
According to a literature review in Saudi Arabia, only two studies – Hamad et al. 
(2011) and Abdul-Sattar and Godab (2013) – have researched depression in Saudi 
settings. The prevalence of depression in the present study was found to be 
inconsistent with that of past studies. In the present study, the prevalence of 
depression was higher than that found by Hamad et al. (2011), who identified a 
rate of 17% for depression prevalence in stroke survivors in Saudi Arabia. In 
contrast, the rate in the present study was lower than that reported by Abdul-Sattar 
and Godab (2013) who found that 63.3% of stroke patients in Saudi Arabia had 
depression symptoms. These inconsistences between Saudi studies might be due 
to three methodical factors: the sample size, the nature of the psychological 
assessment used, and the medical setting in which patients were studied. While 
Hamad et al. (2011) compared symptoms of depression using the Hamilton 
Depression Rating Scale (HDRS) in 60 patients admitted to the acute stroke unit, 
Abdul-Sattar and Godab (2013) evaluated 180 stroke patients using the Geriatric 
Depression Scale-15 (GDS-15) in a rehabilitation-based setting. The present study 
assessed depression disorder using the Hospital Anxiety and Depression Scale 
(HADS) among 100 stroke patients admitted to both hospital-based and 
rehabilitation-based settings. It should be noted that a higher depression rate was 
found among patients in the rehabilitation-based setting. Relatedly, Hamad et al. 
(2011) and Abdul-Sattar and Godab (2013) did not address demographic factors 
such as age, gender, level of literacy, „time since stroke‟, treatment setting and 
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„side of weaknesses‟ in relation to depression. In contrast, the present study 
addressed these characteristics for understanding the frequency and severity of 
depression among Saudi patients. 
7.3.2 A comparison of the findings post-stroke mood disorders in Saudi 
Arabia with those of Western-based studies 
The findings in the current study showed that Saudi Arabia has higher rates of 
anxiety compared to Western countries. In their systematic review, Burton et al. 
(2013) reported a 20-25% prevalence rate for anxiety at any time since stroke. This 
range is similar to the figure determined in the recent study of D‟Aniello et al. 
(2014) who reported rates of 20%, 23% and 24% for anxiety. However, results 
from the literature review confirmed that, in Western countries (specifically, 
English, Portuguese, Spanish and Italian studies), the prevalence of anxiety 
depends on the range of risk factors. Burvill et al. (1995) found that women are 
more inclined to show anxiety disorder than are men. They found the prevalence to 
be 5% in men and 19% in women when measured separately. The influence of 
gender on the rate of anxiety was not confirmed by the present Saudi Arabia-based 
study. Possible reasons behind this are the culture and environmental attributes of 
the Middle East in general and of Saudi Arabia in particular. Culturally, Islam 
teaches people that Allah created disease and they must accept and submit to 
Allah‟s will in all matters of life and death: “And no soul can die except by Allah‟s 
permission and at an appointed time” (Al-Imran: 145). The Prophet Muhammed 
said, “There is no disease that Allah has created, except that He also has created 
its treatment” (Sahih al-Bukhari 5678: Book 76, Hadith 1). Patients in Saudi Arabia 
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use fatalistic beliefs as a coping strategy to relieve anxiety symptoms after stroke. 
Likewise, stroke patients, whether male or female, often live with their large 
families even if they are divorced or widowed. Saudi people generally have a 
feeling of responsibility towards their parents and relatives especially after a 
serious disease like stroke. As a result, they often support the physical and 
psychological needs of the patient. This social support may alleviate some of the 
anxiety problems of men and women after stroke. Past studies have also provided 
enough evidence to show that lack of social support or social isolation is also one 
of the major causes behind the anxiety disorders in other countries of the world. Ng 
et al., (2015) in investigating the correlation between the depression, anxiety and 
quality of life for the Malaysian stroke patients highlighted that social support has 
positive impacts on anxiety and distress. It was reported that social support in the 
form of communication, physical or psychological assistance could help the 
individual in gaining better self-control during the difficulties times. Changes in 
social support can have direct consequences on the recovery level. Likewise, in 
another study published by World Health Organisation (WHO), European 
authorities have confirmed that experiments suggest significance of good social 
relations in reducing the psychological response to stress. People needs sociable 
environments, support from family and friends for dealing with the depression, drug 
use, anxiety, hostility and feelings of hopelessness, all of which are highly 
associated with the physical health issues such as stroke, cancer or other chronic 
and painful diseases (Wikinson & Marmot, 2003). In another global research, 
Åström, (1996) reported reliance in activities of daily living and concentrated social 
Chapter 7: Discussion and Conclusion 
 
232 
 
network as highly connected with GAD at all follow-up periods apart from at the 
acute stage when investigated for the anxiety disorders. 
In terms of the prevalence of depression and age, the present study found different 
results from those of European settings. For example, Sampson et al. (2003) found 
that the prevalence of depression was 63% for stroke patients in the UK with a 
mean age of 72.50 years. A similar rate of depression was reported in a 
Netherlands-based study: 50% for stroke patients with a mean age of 62.9 years 
(Bour et al., 2011), and in a Norway-based study: 54% for stroke patients with a 
mean age of 75 years old (Farner et al., 2010). These results corresponded with 
the findings of the present study: 48.9% of the Saudi population age ≥ 61 years 
had depression. Although lower than the rates found in western studies, these 
relatively high rates (approximately 50% for the total sample chosen) might be due 
to the lack of proper care offered by the KSA healthcare system, which means that 
there is little prevention of depression disorder in elderly patients before and after 
the onset of stroke (Robert & Zamzami, 2014). 
A low level of literacy was found to be a highly significant factor in the Saudi 
population. Whereas previous studies have not specifically considered illiteracy as 
a risk factor for an increased prevalence of anxiety and depression after stroke, the 
present study recognised and considered illiteracy to be a risk factor for increased 
prevalence of these disorders among the Saudi population. Assessing the 
relationship between „level of literacy‟ and experiencing depression, researchers in 
Western-based studies found that depression was more frequent in lower educated 
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compared to higher educated. Due to the lack of published evidence on the impact 
of illiteracy on the development of depression after stroke, it would be difficult to 
explain the role of illiteracy in depression in a clear way. A potential explanation is 
that illiterate patients in Saudi Arabia have difficulty accessing, understanding, and 
using basic healthcare information, which may serve as coping strategies for post-
stroke depression disorder. This finding was confirmed by some past studies which 
showed that there is a significant relationship between depression and lower 
education levels (e.g., Nys et al., 2006; Paul et al., 2015). 
Aside from „level of literacy‟, „time since stroke‟ was also found to have an impact 
on mood disorders (anxiety and depression). This relationship was significant in 
those who suffered a stroke 7 months ago or longer and among 70% of 
participants who were in the 3-months follow-up assessment. Rates of mood 
disorders in those who suffered a stroke 7 months ago or longer were found to be 
significantly lower than in those within 6 months or less of suffering a stroke. 
Likewise, some of participants who took part in the follow-up assessment showed 
significant improvement in mood disorders while some of the still-depressed 
patients did not complete the follow-up assessment. These may be reasons why 
the rates of mood disorders decreased to 18.6% at the 3-month follow-up. Multiple 
reasons might underpin this improvement, including family support, self-recovery, 
and pharmacological treatment for post-stroke mood disorders in Saudi Arabia. In 
this regard, Western-based studies such as Nys et al. (2006) found that 
antidepressant treatment reduced depression symptoms and functional problems 
after stroke. Similarly, Hackett and Pickles (2014) indicated the role of 
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pharmacotherapy in reducing the prevalence of depressive symptoms among 
stroke patients. 
7.3.3 Factors found to be related to post-stroke mood disorders 
This section addresses those factors that were found to be significantly associated 
with mood disorders. The results were gathered using the Arabic HADS as a 
measurement scale. The figures showed anxiety to be significantly more prevalent 
in the following sub-groups: aged 61 years group and over; illiterate; within 6 
months or less of having a stroke. The Mann-Whitney results also confirmed that 
the scores of post-stroke anxiety are significantly higher for these sub-categories of 
participants. This can be further substantiated from the fact that „level of literacy‟ 
and „time since stroke‟ were found to be statistically significant factors in both the 
anxious and non-anxious groups. 
For depression, the Mann-Whitney results also confirmed that the mean of scores 
of post-stroke depression is higher among the illiterate sub-group of patients. 
These results also highlighted that the mean of scores post-stroke depression is 
also higher in those who are within 6 months or less of suffering a stroke. This can 
be further substantiated from the fact that „level of literacy‟ and „time since stroke‟ 
were found to be statistically significant factors in both the depressive and non-
depressive groups. 
Age (≤ 60 vs. ≥ 61 years): 
Although participants in the present study ranged in age from 36 to 85 years, 
anxiety and depression prevalence among those aged 61 or older was found to be 
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disproportionately high. In the Western-based studies too, age is recognised as the 
significant predictor of anxiety and depression after stroke (Spalletta et al. 2002; 
Lamb, Anderson, Saling, & Dewey 2013; Allan et al. 2013). In their review, Robert 
and Zamzami (2014) also indicated that older age is a risk factor for psychiatric 
disorders after stroke in the Saudi population 
This age-effect might be attributable to the fact older people tend to suffer from 
greater levels of depression due to a greater likelihood of losing their physical 
capacities and social support (Ayerbe et al., 2011). Contributing to an increase in 
mood disorders within this age group are distance from family, a lack of 
understanding of procedures, and deteriorating mental capacities with the passage 
of time all (Hama et al., 2011). In light of the literature review (Chapter One), Saudi 
patients aged 60 and over can be said to be more susceptible to strokes and older 
patients have a greater likelihood of suffering from post-stroke mood disorders (Al-
Eithan, Amin, & Robert, 2011). While the findings about age frequency in the 
present study differ from those reported by Al Rajeh et al. (1993), this can be 
attributed to differences in the sample sizes and evaluation methods. Al Rajeh et 
al. (1993) studied records of first-ever stroke patients admitted between December 
1982 and June 1992 in a hospital that exclusively serves the Saudi Arabian 
National Guard community. The results are different from current study because 
they were based on mere review of clinical, radiological and laboratory records. In 
contrast, the current research is an empirical study with primary research 
participants included in the investigation. Moreover, the timeframe of the Al Rajeh 
et al. (1993) study contributes to the unreliability of the results; they report that, at 
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the time (1982-1993), stroke incidence was lower in Saudi Arabia compared to that 
of Western countries, which is not the case at present. 
Moreover, the sample in the present study was hospital-based, and participants 
were recruited from either stroke units or rehabilitation centres. However, most 
stroke survivors are more likely to be living in the community. Primary investigation 
is capable of revealing the indirect and hidden aspects of strokes in the process of 
data collection from the responses of participants. This is not possible in a 
secondary-data-based study, whose findings can differ considerably, as argued 
above. 
Literacy (Literate vs. Illiterate): 
Besides age, illiteracy was found to be relevant factor in mood disorders in the 
present study. Further, the literature review drew attention to the significance of 
„level of literacy‟ as a principal risk factor in the occurrence of mood disorders 
(Merriman, Norman, & Barton, 2007; Sagen et al., 2010), a finding confirmed by 
the results of the present study. In particular, it can be seen from the Mann-
Whitney test for anxiety and depression that „level of literacy‟ is one of the most 
crucial contributors to either increasing or decreasing the likelihood of post-stroke 
mood disorders. This study‟s findings highlight the role of illiteracy in the 
prevalence of such disorders. The Western-based studies reviewed did not confirm 
the role of „illiteracy‟ among the stroke patients. The current study aims to bridge 
this gap by highlighting the importance of „illiteracy‟ as a predictor of mood 
disorders. It is likely that those patients who have complete awareness of the 
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stroke, its causes, and post-stroke outcomes, may be capable of maintaining their 
quality of life after stroke treatment, and that they are able to control their emotions 
and work independently. The findings of this chapter highlight the significance of a 
lower level of literacy in depression in stroke survivors. These findings may be of 
value to the Ministry of Health in Saudi Arabia for enhancing the quality of psych-
education offered to stroke survivors through special programmes and awareness 
campaigns, where such initiatives would need to be tailored towards those with low 
levels of literacy. 
Similarly, baseline outcomes and follow-up results for anxiety disorder, as well as 
those for depression disorder, confirmed that the patient‟s level of literacy played a 
much more significant role during the follow-up period, compared to the initial 
baseline, in predicting the likelihood of mood disorders. This may be the case 
because, by the time of the follow-up results, almost all the participants have 
become aware of the post-stroke impact on mood disorders and ways to deal with 
them. Education helps participants to share more detailed and specific information 
about their mood disorders in follow-up assessments (Merriman et al., 2007). 
Time since stroke (≤ 6 vs. ≥ 7 months): 
The findings also revealed that „length of time after stroke‟ was a strong predictor 
of anxiety and depression after stroke in the Saudi population. The findings of the 
present study highlighted that the more time that passes after a stroke (≥ 7 months 
after stroke), the lower the risk of mood disorders. The frequency of depression 
disorder revealed that the ≤ 6-months subgroup is more likely to have mood 
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disorders (39.6%). Period less than 6 months after a stroke were also found to be 
significant for predicting anxiety disorder prevalence (34.5%). The findings of the 
present study showed that the period of less than 6 months since the stroke is an 
important period in the severity of anxiety and depression after stroke. However, 
there is a possibility that sub-categorisation of months into 6 months or less and 7 
months or more can result in larger differences in the rates of anxiety and 
depression. This is arguably due to the fact the more time that has elapsed since 
the stroke, the more attenuated its effects will be on the patient‟s physical and 
mental condition and, as such, the severity of post-stroke mood disorders will be 
reduced (Hamad et al., 2011). Burton et al. (2013) also confirmed that mood 
disorders seem to be associated with a greater impairment of physical and 
cognitive abilities during the acute phase of the post-stroke period. In addition, 
there is evidence that, with the passage of time, treatment and care also start 
having positive, visible effects on the patients in rehabilitation units or community 
centres, which are working to improve the quality of life of post-stroke survivors 
(Barker-Collo 2007; Farner et al., 2010). 
7.3.3 Factors found not related to mood disorders 
No evidence was found in the present study to confirm the effect of patient 
treatment-setting on the prevalence of mood disorders in the three selected 
hospital settings in Saudi Arabia. This finding was corresponded with (Altieri et al., 
2012; D‟Aniello et al., 2014; Hamad et al., 2011). The lack of differences between 
hospital settings in the present study might be due to the lack of differences in the 
type of facilities and treatment offered to such patients in different care settings. 
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There is also a possibility that, due to effective support in different settings, these 
settings cannot be deemed a risk factor for mood disorders and do not affect the 
prevalence rate of both anxiety and depression after stroke.   
7.3.5 Summary of the findings of post-stroke mood disorders in Saudi Arabia 
The findings revealed that both anxiety and depression were highly prevalent in 
Saudi post-stroke patients. A Saudi sample offered relatively different results for 
the prevalence of post-stroke mood disorders from those of the Western-based 
studies. The prevalence rate of depression disorder (44%) was reported to be 
higher than that of anxiety disorder (36%). 
It can be concluded that the prevalence of mood disorders increased with the age, 
illiteracy, and „time since stroke‟. This study also confirmed that physical 
dependence after stroke rated by BI was a predictive factor in the severity of 
anxiety and depression. The findings found variations in results between the 
baseline results and the 3-months follow-up. Illiterate patients were found to be the 
most affected, in the age group of 61 years and over, and being within 6 months or 
less of having a stroke. It may be concluded that there is a high prevalence of 
anxiety and depression after stroke among the population of Saudi Arabia 
compared to Western-based studies. 
The discussion has highlighted several strengths of the current findings. Whereas 
past studies have prioritised depression while neglecting anxiety disorder, a 
notable strength of the present findings is the focus on anxiety disorder prevalence. 
The current findings have provided an effective platform for analysing anxiety and 
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depression, both individually and in relation to each other, based on the six patient 
characteristics considered. By doing so, the findings added new knowledge to the 
current literature. Moreover, the location of the investigation in Saudi Arabia also 
contributes to the literature as no other recent, detailed, empirical study identifying 
the prevalence of anxiety and depression in the country exist.     
These findings have considered illiteracy as an important predictor of mood 
disorders – a factor which has not been taken into account much by past 
researchers. With the help of these findings, government authorities and clinical 
practitioners may be motivated to improve the educational level of the population 
regarding stroke and post-stroke predictors and treatments. In addition, the 
psychological measurement tools in the current evaluation enables clinical 
researchers to assess how different evaluation methods can help in predicting 
different mood disorders by using different patient characteristics.              
The present findings do however have some methodological limitations. Most 
notably, a number of important demographic factors were not considered. These 
include: the site of the stroke; the extent of cognitive dysfunctions; the degree of 
social support; the type/nature of psychiatric treatment; and the presence of 
physical and psychiatric diseases. Such characteristics can have an impact on the 
prevalence of anxiety and depression among stroke patients. Furthermore, for 
aphasic patients, or those suffering from severe cognitive impairments, appropriate 
psychological scales should be used instead of the HADS. The HADS has some 
limitations in terms of being a brief screening measure and possibly over-detecting 
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problems, relative to the clinical interview. Therefore, by using a range of 
psychological scales, the study attempted to corroborate the diagnosis. 
Finally, the anxiety and depression prevalence levels observed in this study may 
have been biased by the particular exclusion criteria adopted. Consideration of 
specific demographic characteristics limits the investigation, for example by 
including „site of research‟, whether hospitals or rehabilitation centres, the 
prevalence rate is restricted to the examination of the circumscribed setting only. 
Similarly, there is a possibility that prevalence rates differ according to „time since 
stroke‟ as mentioned above; that is, whether the study examines patients within or 
after 3 months of having a stroke. 
7.4 Discussion of the findings of the relationship between post-stroke 
cognitive dysfunctions and mood disorders in Saudi Arabia 
The findings have confirmed that demographic variables and cognitive 
dysfunctions after stroke were associated with the severity of mood disorders. The 
quantitative findings revealed that the severity of anxiety post stroke was 
significantly associated with „level of literacy‟ and „time since stroke‟. They 
confirmed that the shorter the time since the stroke, the higher the probability of 
anxiety disorders, while the lower the level of literacy, the higher the probability of 
anxiety disorders. On the other hand, the age of the patient, their level of literacy 
and the time since the stroke were significantly correlated with the severity of post-
stroke depression disorder. 
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It follows that the mood of the patient tends to become depressive if the person is 
aged 61 years and over, those within 6 months or less of suffering a stroke, and 
those who are illiterate. This conclusion partly supports the results of Nys et al. 
(2006) who found that in the long-term (6 to 10 months after stroke), depression 
symptoms were significantly associated with a lower level of literacy. Similarly, 
Paul, Das, Avij'it Hazra, Ghosal, and Ray (2015) found that older patients and a 
lower level of literacy were significantly associated with depressive disorder after 
stroke. Although these three demographic factors play a role in stroke-patients‟ 
depression, other studies have found no concrete relationship between post-stroke 
depression and demographic factors (i.e., age, „time since stroke‟ and „level of 
literacy‟). Nys et al. (2005) found no significant association between the severity of 
depressive symptoms and demographic factors (age, literacy and gender). In 
contrast, Nys et al. (2006) found that post-stroke depression was predicted by 
being the female sex. A reason behind the differences between the findings of the 
current investigation and those of other studies like Nys et al. (2006) is sample 
size. The findings of the current study may also differ from those of others because 
it is based on a Saudi Arabian sample. The literature review showed that the Saudi 
Arabian population is mostly comprised of men and there is a high level of 
illiteracy. This is not the case in Western-based studies. In addition, the sample 
selected by Nys et al. (2006) might have a greater proportion of females. 
Additionally, the overall results of the linear regression analysis further confirmed 
overall cognitive dysfunction, ACE-R-Memory, ACE-R-Fluency, ACE-R-
Visuospatial ability and the Apple Cancellation Test (ACT) as significant cognitive 
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predictors in the severity of anxiety and depression disorders after stroke in Saudi 
stroke population. From the results, it is clear that the extent of the relationship also 
depends on the assessment test used. The effectiveness of the ACE-R and Apple 
Cancellation Test over the TMT-B showed that all the tests were capable of 
identifying the relationship between mood disorders and cognitive dysfunctions in 
the post-stroke period. However, it is noteworthy that some cognitive abilities were 
more related to mood in some tests than in others. 
The regression analysis found a significant association between mood disorders 
(i.e., anxiety and depression) and cognitive dysfunctions (i.e., orientation/attention, 
memory, fluency, language, visuospatial ability, visual neglect and executive 
functions) after stroke. These relationships between mood disorders and cognitive 
domains are discussed further below. The predictability of anxiety and depression 
post stroke for the cognitive dysfunctions studied is also discussed. The discussion 
of the findings below is categorised into individual cognitive domains and examined 
in further detail below. In each section, the specific cognitive domain is discussed 
in the context of the associated mood disorders. 
7.4.1 Orientation/attention deficit and mood disorders  
To investigate the relationship between orientation/attention and mood disorders 
after stroke, the differences between patients with and without mood disorders in 
terms of orientation/attention deficit were examined. Furthermore, the regression 
analysis was used to identify associations between orientation/attention deficit and 
independent variables including anxiety and depression. The findings of this study 
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contribute to the literature by identifying clear dimensions for the subgroups of 
patients suffering from anxiety and depression disorders. The subgroups were: 
anxious, non-anxious, depressed, and non-depressed. Both types of analysis were 
necessary for assessing differences in the prevalence rates of cognitive 
dysfunctions in both groups, that is, patients suffering from mood disorders and 
patients not suffering from such disorders after stroke. The differences highlighted 
the extent to which mood disorders are related to the presence of 
orientation/attention deficits in the post-stroke patients. The findings showed that 
orientation/attention deficits were most prevalent in anxious and depressed 
patients. However, it cannot be assumed that all the patients suffering from 
orientation/attention deficits in the post-stroke period are also suffering from mood 
disorders. The difference in sample size between these two groups is likely to have 
impacted the significance level among the anxious and non-anxious and 
depressed and non-depressed patients. Thus, the findings of the current research 
confirm that orientation/attention deficits can be used for investigating their 
association with mood disorders in both groups, that is, patients with and without 
mood disorders.  
Significantly lower scores were found for the ACE-R- Orientation/attention subscale 
scores in both anxious and depressed patients compared to non-anxious and non-
depressed patients. This means that orientation/attention deficits are associated 
more strongly with anxiety and depression among the anxious and depressed 
groups than among the non-anxious and non-depressed groups. However, this 
cannot be confirmed from the collinearity statistics where VIF values confirmed that 
Chapter 7: Discussion and Conclusion 
 
245 
 
there is no collinearity between these mood disorders and impairment in 
orientation/attention domain. This finding is inconsistent with the results of Barker-
Collo (2007) who examined the relationship between attention deficit and both 
post-stroke anxiety and post-stroke depression, and found that attention difficulties 
were significantly related with both anxiety and depression symptoms 3 months 
after stroke. Similarly, it inconsistent with a study by Hosking, Marsh, and Friedman 
(2000) who found that higher depression scores on the Geriatric Depression Scale 
(GDS) significantly correlated with impairments in simple and complex attention 
after stroke. 
Likewise, findings of the regression analysis also did not support the hypothesis 
that attention deficit is a predictor of mood disorders. The ACE-R-
Orientation/attention subscale score in this study was a non-significant predictor of 
both anxiety and depression. The findings based on a Saudi sample in current 
study, also confirmed the findings of Bugarski et al. (2009) who found that attention 
deficit was not a significant predictor of depressive symptoms after stroke. 
7.4.2 Memory disorders and mood disorders 
The cognitive domain of memory was negatively correlated with anxiety and 
depression post stroke where significant differences were also found between 
anxious and non-anxious patients in the ACE-R-Memory subscale. This difference 
was also significant when depressed and non-depressed patients were compared 
in the ACE-R memory domain. It can be concluded from the negative relationship 
that the presence of anxiety and depression was associated with a decrease in 
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memory ability. It confirms that memory disorders are more prevalent within the 
subgroup of anxious and depressed patients, and that memory disorders have a 
greater likelihood of predicting the severity of mood disorders. The present study 
supports results from previous work by Chahal, Barker-Collo, and Feigin (2010) 
who found that depressive mood after stroke was significantly associated with 
impairment in visual memory. Similarly, Nys et al. (2005) investigated 126 patients 
and found that those with visual memory impairment in the first weeks after stroke 
demonstrated a high risk of depression disorder after 6 months.  
In terms of post-stroke anxiety, Barker-Collo (2007) examined the relationship 
between memory and post-stroke anxiety 3 months after stroke. The results 
indicated that memory difficulties were significantly related with post-stroke anxiety. 
This significant relationship between mood disorders and memory impairment can 
be explained in that both emotional life and memory function are largely stored in 
the limbic system, therefore dysfunction in the memory may be followed by an 
anxious or depressive mood. As discussed in the literature review (Chapter 1), 
Snaphaan and Leeuw (2007) confirmed the increased prevalence of memory 
dysfunctions within 6 months after stroke (a 13% to 55% chance). Researchers 
have categorised memory disorders into short-term and long-term disorders. The 
long lasting impact of long-term memory disorders are probably associated with 
post-stroke mood disorders where patients are unable to recall, remember, 
comprehend, problems-solve and reason (Campos et al., 2010). 
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Although past studies have recognised age (< 50 years) as an important factor in 
predicting memory disorders, the current study excluded age due to its lack of 
collinearity in predicting cognitive domains. The new findings of the present study 
confirm the association between overall memory disorders (not merely visual 
memory) and mood disorders in the Saudi Arabian population. No previous Saudi 
study has attempted to investigate this. Moreover, the current study offers a new 
direction in terms of using the ACE-R to investigate the relationship between 
memory and mood disorders effectively, rather than any other scale. The current 
study also showed how concentrating on different aspects can help medical 
practitioners in treating simultaneously the cognitive dysfunctions as well as mood 
disorders of the post-stroke patients through preventive programmes and through 
training in the skills of concentration, memorising, writing, reading, comprehension, 
perceptual abilities and physical skills. 
7.4.3 Language disorders and mood disorders 
The neuropsychological assessment undertaken in this study further indicated that 
there were significant differences between anxious and non-anxious post stroke 
patients in terms of fluency and language disorders. Significant t-score differences 
in depressed and non-depressed groups confirmed that fluency and language 
disorders were more prevalent in depressed patients than in non-depressed 
patients. This finding corresponds with that of Chahal et al. (2010) who found that 
depression disorder was significantly associated with language disorder post 
stroke. Camoes-Barbosa et al. (2012) examined the relationship between aphasia 
and depression among 111 stroke patients and concluded that the presence of 
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aphasia showed a significant association with depression. From the examination of 
the results of the regression analysis of the present study, it was concluded that 
language disorders (i.e., language) were not significant predictor of mood disorders 
after stroke. The present results diverged from those of Bugarski et al. (2009) who 
found that poorer performance in the domain of language predicted more severe 
depression after stroke. In this study, the authors assessed the presence of 
depressive symptoms through the use of the self-reported Beck‟s Depression 
Inventory (BDI), whereas cognitive status was evaluated using a comprehensive 
neuropsychological testing battery measuring performance in different cognitive 
domains. Furthermore, executive function, language, immediate recall, delayed 
recall, attention, divergent reasoning, and visual-constructive performance were 
assessed in terms of cognitive domains. The inconsistency between the current 
and past findings is due to the different evaluation methods and different types of 
cognitive domains assessed, relative to the Saudi sample studied in the current 
research. 
Another investigation, by Nys et al. (2006), also reported that patients with 
language disorder in the first few weeks after stroke had a high risk of showing 
depression disorder after 6 months. The inconsistent findings between the present 
study and the literature may be due to the use of different evaluation scales, such 
as ACE-R-Language subscale in the present study while other researchers have 
used a valid test or battery for the assessment of language disorders after stroke. 
The different specificity and sensitivity of the tests, along with the other 
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psychometric properties, influences their capacity to detect the disorders and 
dysfunctions effectively. 
7.4.4 Visual perception disorders and mood disorders 
Visual neglect and visuospatial disorder showed significant differences between 
anxious and non-anxious patients in the Apple Cancellation Test and ACE-R-
Visuospatial subscale. Similar results were found when depressed and non-
depressed patients were compared on the same subscales. From the results of the 
regression analysis, it was found that visual neglect significantly predicted the level 
of depressive symptoms after stroke. Although a relationship exists between both 
disorders, neither visual neglect nor visuospatial disorder was found to predict the 
severity of post-stroke anxiety. In contrast, the results showed that visual 
perception disorders predicted post-stroke depression in Saudi sample. These 
results are corroborated by Nys et al. (2006) and Nys et al. (2005) who provided 
evidence for the severity of depression in post-stroke patients with visual neglect. 
Nys et al. (2006) found that visual neglect predicted depression disorder 6 months 
after stroke. Another investigation by Nys et al. (2005) found that the effectiveness 
of the visual perception scale is high (R2 = 0.60) in predicting post-stroke 
depression symptoms. However, there is a lack of research on identifying the 
relationship between visual neglect and post-stroke mood disorders. On the other 
hand, visual perception deficits and visual neglect resulting from stroke have not 
been recognised as a common or prevailing condition in the literature. Patients 
themselves are unable to have insight into the severity of their their visual 
perception problem. Although the literature revealed that the incidence of visual 
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neglect after stroke varies from 13 to 85% (Azouvi et al., 2002;Bowen, McKenna, & 
Tallis, 1999; Menon-Nair, Korner-Bitensky, Wood-Dauphinee, & Robertson, 2006); 
such a large variation is a limitation of studies examining the correlations between 
visual neglect and visuospatial disorder in predicting mood disorders. The current 
study has aimed to bridge this gap by limiting the variation through measurement 
of correlation between visual neglect and the severity of the mood disorders. It also 
narrows the focus for a better understanding of this relationship by categorising 
mood disorders into four different subgroups: anxious, non-anxious, depressed and 
non-depressed.     
7.4.5 Executive dysfunctions and mood disorders 
An analysis of the differences in means revealed that TMT-B is highly responsive 
for investigating anxious and depressed patients. However, the present study did 
not confirm the association between executive dysfunction and mood disorders, 
unlike Bour et al. (2011) who found that depressive symptoms after stroke were a 
significant predictor for executive dysfunctions. 
The absence of significant relationship between executive dysfunctions and 
depression disorder in the current study can be explained through that the more 
time that passes, the smaller the likelihood of executive dysfunctions in the stroke 
sample. This receives  support from a longitudinal investigation by Allan et al. 
(2013) who found that there was no significant relationship between the executive 
dysfunctions rated by CAMCOG and depression rated by the Geriatric Depression 
Scale at 1, 4 and 8 years after stroke. 
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Another reason behind the absence of the relationship the evaluation methods and 
neuropsychological test used in the current study. Only 29% of participants in this 
study took the TMT-B because it required a certain level of cognitive ability; 
participant are required to draws lines to connect the circles, which include both 
numbers and letters (A-L), in an ascending pattern with the added task of 
alternating between numbers and letters (i.e., 1-A-2-B-3-C, etc.). As mentioned 
above, the sample of the current study consisted of Saudi Arabian patients, who 
are mostly illiterate. Accordingly, approximately 71% of the participants in this 
study were excluded because they were either illiterate or unable to participate in 
the study due to physical impairment. Addition to this, the complexity and diversity 
of domain in the executive dysfunctions might make it difficult for the TMT-B to 
examine this disorder in Saudi stroke patients. The literature shows that executive 
dysfunctions usually work in connection with the other cognitive abilities like 
memory and language and, therefore insufficient neuropsychological tests such as 
TMT-B cannot be traced. Another reason behind the lack of evidence of 
relationship between impairment in executive functions and depression disorder 
was given in (Bour et al., 2010) who showed impact of time on reducing the 
severity of executive dysfunctions. Therefore, declining severity of the executive 
dysfunctions among the stroke patients might not lead to mood disorders. 
Therefore, we need to exercise caution in concluding that executive dysfunctions 
can predict mood disorders after stroke. 
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7.4.6 Summary of the findings of the relationship between post-stroke 
cognitive dysfunctions and mood disorders in Saudi Arabia 
The findings of this neuropsychological study provide some evidence that cognitive 
dysfunctions are associated with mood disorders. An investigation of a Saudi 
sample revealed that the anxious group had a greater chance of showing 
dysfunctions in all cognitive domains considered in this study, compared to the 
non-anxious patients. Relatedly, those patients who were identified as depressed 
were more likely to have cognitive disorders in all domains, compared to the non-
depressed patients. The regression analysis suggested that specific cognitive 
domains have an effect on the severity of stroke patient‟s mood status. Likewise, 
„time ≤ 6 months since stroke‟ and „illiteracy‟ were identified as significant 
predictors of mood disorders (anxiety and depression) after stroke. However, other 
variables such as „age‟, „gender‟, „treatment setting‟ and „side of weakness‟ were 
not found to predict the severity of post-stroke anxiety or post-stroke depression. 
The results indicated that the memory disorder was found to be an independent 
predictor of anxiety, whereas memory disorder and visual neglect was independent 
predictors of post-stroke depression. 
The current findings were significant compared to those of other Saudi studies due 
to its focus on the predictability and strength of the relationship between cognitive 
domains and mood disorders, which has not previously been investigated. 
However, the methodological limitations of these findings should be addressed in 
future research. The neuropsychological assessment methods used in this 
investigation were brief screening measures that are commonly used; however, 
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there is the possibility that using other, multiple neuropsychological assessment 
methods would change the strength of the association between the variables in the 
results.  
Because the current study investigated the Saudi context for the first time, future 
investigations can replicate it in an effort to substantiate the validity of the research 
findings for assessing the relationship between cognitive dysfunctions and mood 
disorders. Furthermore, since the current findings adds to the literature by 
highlighting the importance of illiteracy in predicting the relationship between 
cognitive dysfunctions and mood disorders, future studies could identify ways of 
increasing psych-education levels among post-stroke patients residing in different 
medical settings such as hospitals, clinics and rehabilitation centres.  
Moreover, because the current investigation is based on three Saudi Arabian 
hospitals, this could lead to ceiling effects, that is, results may have been based on 
the only information that was available. The findings of this Saudi-based study 
could be used for assessing patient characteristics other than the six considered 
here to identify the effectiveness in predicting the occurrence of the cognitive 
dysfunctions or mood disorders post stroke. Furthermore, relationships between 
the internal causes (such as lesion location) and external causes (such as neuro-
rehabilitation) of cognitive dysfunctions need to be identified for investigating their 
relationship with cognitive performance after stroke. These limitations should be 
considered in future studies to verify or refine the findings of present study. 
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7.5 Methodological issues 
In different themes discussed in various chapters of the current study, different 
measures and scales were used to assess the individual prevalence rates of 
cognitive dysfunctions and mood disorders after stroke, as well as the relationship 
between the two. The selection of these different tools was based on the particular 
methodological framework used, which warrants further evaluation.      
7.5.1 Methodologies used 
Analysis of the Western-based studies revealed that most of the studies used a 
cross-sectional design. Therefore the current study has also adopted this method, 
aligned with the research purpose of this study. A cross-sectional measure was 
effective in assessing the relationship and severity of the cognitive dysfunctions 
and mood disorders at a single point in time. Apart from enabling a thorough 
observation of the cases, the use of a cross-sectional design also enabled the 
researcher to recruit percipients simultaneously in the three different Saudi 
hospitals: King Abdulaziz Medical City, King Fahad Medical City, and Sultan bin 
Abdulaziz Humanitarian City.  
Case controls are generally considered a sound methodological application after a 
cross-sectional investigation. However, case controls were not used in the present 
study. There is a possibility that, as in Western-based studies, had the current 
study used case-control methodology, the outcomes would have been different. 
There is a possibility that results would have been similar in terms of pre-stroke 
and post-stroke patients in the Saudi Arabian population. The impact of 
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methodology cannot be underestimated in its effect on the association between 
cognitive dysfunctions and mood disorders. 
Other strengths of a cross-sectional design were its relative cost-effectiveness and 
the relatively short time required to achieve the research objectives. It can be used 
to effectively evaluate a large sample size and identify associations between the 
characteristics of the stroke patients in Saudi Arabia. However, as a cross-
sectional study is carried out at one time-point only, it is unable to indicate the 
sequence of events and therefore cannot be used to establish causality, and 
alternative explanations cannot be ruled out.             
In selecting the specific cognitive dysfunctions and mood disorders to focus upon 
in the present study, the Western-based studies served as a useful guide. 
Cognitive dysfunctions identified in past studies include: apraxia, visuoperceptual 
disorder, visual agnosia, visuospatial disorder, body perception disorder, visual 
neglect, memory impairment, executive dysfunction, social and emotional 
perception disorder, attention impairments, and aphasia. In the case of mood 
disorder, most studies are limited to depression and anxiety. In the light of these 
common cognitive dysfunctions and mood disorders, the presence of general 
cognitive impairment was considered. 
Included in this assessment was a consideration of patient characteristics, 
specifically: age, gender, level of literacy, „time since stroke‟, „side of weaknesses‟ 
and treatment setting. Both in-patient and outpatient recruitment was considered 
for identifying suitable participants for the study. Eligible patients were selected 
Chapter 7: Discussion and Conclusion 
 
256 
 
with the support of ward staff and consultant neurologists. As in Western-based 
studies, the present research took into account methodological limitations. One 
limitation is that only six patient characteristics were examined, whereas a wider 
range of characteristics may be found in the literature, for example: „site of stroke‟, 
the extent of cognitive dysfunctions, the degree of social support, the type/nature of 
psychiatric treatment, as well as the presence of physical and psychiatric diseases. 
Time and resource constraints in the present study meant that only a limited set of 
patient characteristics could be taken into account.                
Having provided an existing literature of the general methodology adopted for the 
current study, the next section presents an examination of the psychological 
aspects of assessment. 
7.5.2 Neuropsychological assessment issues 
Both the current study (comprised of observation studies undertaken in different 
chapters) and the systematic review of past studies confirmed that a range of 
assessments have been used by clinical researchers investigating the 
neuropsychological aspects of stroke patients. Cognition and emotions are 
interlinked and somehow associated with the each other in stroke patients. 
Measures for cognitive dysfunctions  
For the assessment of cognitive dysfunctions among the Saudi population, the 
following neuropsychological tests were used: The Arabic Addenbrooke‟s Cognitive 
Examination-Revised (ACE-R), The Trial Making Test (TMT), and the Apple 
Cancellation Test. 
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The Arabic ACE-R was chosen due to its suitability for the Saudi population. In 
addition, it considers all those domains which are not specifically targeted in the 
MMSE. The review of Saudi-based protocols revealed that most clinical 
practitioners have used the Arabic ACE-R to assess cognitive impairment ensuing 
from a degenerative neurological condition for both literate and illiterate 
participants. Salman (2013) has substantiated the use of this measure, and its 
specificity and sensitivity have been demonstrated. The reasons behind using the 
Arabic revised version of this cognitive tool were its accuracy in targeting those 
diagnostic aspects which were not targeted by the original ACE-R cognitive 
screening tool. The use of the language-based Arabic version of the ACE-R helped 
in assessing the exact cut-off points for this measuring tool. It mainly facilitates the 
assessment of orientation/attention, memory, fluency, language and visuospatial 
ability. Another advantage of using the Arabic ACE-R in the present study was its 
independence from patients‟ characteristics. Mathuranath et al. (2000) reported 
that, in using the ACE-R, age, gender and level of literacy have no influence on the 
study‟s predictive outcome, compared to other screening measures such as the 
MMSE. Further motivation for using this tool was that the internal reliability of the 
measure was found to be above 0.90 points in past studies. 
The second measure used for the assessment of cognitive functions in the present 
study was the Apple Cancellation Test. The test was a measure of different forms 
of neglect, associated with visuospatial deficits. Western-based studies also used 
similar measures like star collection (Farner, 2010). The measure was chosen for 
its effectiveness in identifying different forms of neglect (Chechlacz et al., 2012). 
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However, one of the problems of using the Apple Cancellation Test is the fact that 
16% of current sample did not complete it. Incomplete assessments are likely to 
affect the association found between cognitive disorders and mood disorders. 
Likewise, the third assessment measure, the Trail Making Test, was chosen after 
confirming its effectiveness in targeting visual-motor skills and executive functions. 
Bugarski et al. (2009) and Pohjasvaara et al. (2002) have used the TMT test 
effectively with stroke patients. The current study used the Arabic version of the 
TMT test. After confirming its efficacy in past studies, the measure was used for 
examining how visual-motor skills and executive functioning are affected among 
the post-stroke Saudi population. The measure highlighted the errors 
simultaneously when these errors occurred. Similar to the Apple Cancellation 
Scale, the TMT test has the same problem, that is, 23% and 71% of participants 
did not complete the TMT-A and TMT-B, respectively. Incomplete results are likely 
to affect the strength of the association found. 
Measures for mood disorders 
For mood disorders, the Hospital Anxiety and Depression Scale (HADS) was 
selected. Motivating the use of this tool was its effectiveness in targeting both 
anxiety and depression at the two points of time after stroke. The Arabic version of 
this was used due to its sensitivity and specificity scores as well as validated cut-off 
points (El-Rufaie & Absood, 1995; Malasi, Mirze & EI-Islam, 1991). The literature 
recommends the use of this tool in different settings all across the globe. While two 
UK studies have used the HADS (Ayerbe et al., 2011; Sampson et al., 2003), this 
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tool has not previously been used in the Saudi region to examine the mood 
disorders after stroke. 
Despite the HADS being a useful screening measure for detecting anxiety and 
depression disorders after stroke, it also has some limitations. The literature 
provides a large range of cut-off scores for distinguishing between cases and non-
cases. The significant role played by „different cut-off scores‟ was apparent from 
the differences in the frequency of anxiety and depression in previous studies that 
used the HADS to examine these mood disorders. Another limitation was given by 
Lincoln et al. (2012) who showed the impact of excluding the physical indicators of 
psychological distress on reducing the severity of mood disorders in stroke 
patients. According to these authors, some items in the HADS can result in errors, 
when mood responses arise as a direct result of the physical or cognitive problems 
rather than reflecting a low mood. For instance, items such as „I can enjoy a good 
book or radio or TV programme‟ may reflect language disorder, while „I feel as if I 
am slowed down‟ may reflect cognitive disorder rather than depression. Based on 
these limitations, it is recommended that separate anxiety and depression scales 
be used (Lincoln et al., 2012).   
A significant challenge of the present study is the inclusion of illiterate Saudi stroke 
patients in the sample, who acted as a significant barrier for collecting data about 
anxiety and depression using the HADS. The HADS is self-administered with 
instructions on the printed form. Participants were asked to choose one response 
from the four given for each item. Due to the lack of reading skills, the researcher 
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read all items to the illiterate patients and asked them to choose the appropriate 
response. This can carry significant bias in that illiterate patients may interpret the 
items differently from literate patients, due to their culture, which may result in 
inaccurate results. It can be assumed that illiterate patients taking this test distort 
their answers due to lacking knowledge about mood disorders or having damage in 
those areas of the brain related to hearing or speaking. Therefore, using alternative 
measures can be more useful for exploring anxiety and depression disorders after 
stroke in those unable to complete the HADS due to lacking reading skills or 
having communication problems. Measures such as the Stroke Aphasic 
Depression Questionnaire (SADQ) (Sutcliffe & Lincoln, 1998) have been 
developed to examine depression disorder in patients with aphasia and to allow 
people with language problems to be included in research (Thomas & Lincoln, 
2008). The advantage of using the SADQ with illiterate people is that the 
observational scale is based on behaviours and includes visual analogue scales in 
which items are presented non-verbally. 
Similarly, an advantage of using structured and semi-structured interviews to 
assess the prevalence of mood disorders among illiterate patients is that they do 
not need to a specific reading and writing skills, thereby contributing to the 
consistency of estimations. However, some of the interview schedules may need to 
be validated to assess mood disorders in stroke patients in the KSA. 
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Measures for activities of daily living  
The Barthel Index (BI) to measure performance in activities of daily living (ADL) 
was selected due to its effectiveness in measuring the level of dependence in 
personal day-to-day activities. Although no Saudi study has specifically adopted 
the BI, the general literature has confirmed its usefulness in targeting routine life 
activities after stroke such as mobility, bathing, walking, hygiene, feeding, toileting, 
personal grooming, negotiating stairs, and bladder and bowel control. These 
aspects are specifically designed to consider rehabilitation patients with stroke and 
other neuromuscular or musculoskeletal disorders. The BI was found to be feasible 
for the current study for determining the effective of stroke on the functional daily 
living. However, this finding cannot be confirmed in Saudi Arabia due to the 
assessment of functional daily living after stroke in Saudi Arabia still lagging behind 
that of developed countries. In other words, there is a lack of appropriate 
adaptation and modification of the scoring guidelines for a standardised 
assessment using the BI. To discuss this issue, most medical centres in Saudi 
Arabia still use the English version of the BI, despite the fact that it ignores routine 
movements among Saudi people. For example, Muslim prayer is a physical and 
mental act of worship that is observed five times a day at prescribed times. In this 
ritual, the worshiper performs different body movements such as standing and 
raising hands and being prostrate on the ground. For this reason, it is necessary to 
ascertain whether the patient is capable of performing the prayer tasks after stroke. 
It was also observed during this study that stroke survivors who lose the ability to 
perform worship are likely to get mood disorders more frequently than those who 
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are able to perform their daily prayers. Therefore, this study suggests that using 
only the English version of the BI is not adequate in Saudi Arabia. An Arabic 
version of the BI needs be used, with its measurement properties assessed to 
ensure it is valid and reliable for use in clinical practice in Saudi Arabia. 
On other hand, the complexity and diversity of the functional activities might make 
it difficult for the BI to examine this disorder in Saudi stroke patients. Daily 
functional activities usually work in conjunction with other cognitive abilities like 
memory and language, therefore scales such as the BI are insufficient for 
measuring daily functional activities compared with other measurements such as 
the Functional Independence Measure (FIM) Instrument which is designed for 
measuring disability in daily motor skills as well as communication and cognitive 
functions. Furthermore, the effectiveness of the BI is limited to the assessment of 
disability after acute stroke rehabilitation, in clinical trials and in following 
rehabilitation programmes, while the Nottingham Extended ADL Scale is superior 
to the BI in the community-based population (Yohannes et al., 1998). This is 
because the Nottingham Extended ADL Scale was developed to provide a brief 
measure of four daily activities: mobility, kitchen, domestic and leisure. 
Have discussed the effectiveness of the chosen measures in terms of specificity 
and sensitivity, the next section discusses the sample size and recruitment process 
deployed in the present research. 
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7.6 Sample size and recruitment issues 
As for other aspects of methodology in the present study, the choice of sample size 
and selection of recruitment methods was undertaken after reviewing the general 
literature and examining those methods used in Western-based studies. 
The majority of past studies have used large sample sizes: Downhill and Robinson 
(1994) used a sample size of 309 for measuring cognitive impairment and 
depression; Madureira et al. (2000) used 237 for measuring the association 
between dementia and cognitive impairment; Saxena et al. (2008) used 200 for 
assessing depression with cognitive impairment; and Ayerbe et al. (2011) used 
3,689 for assessing depression predictors five years after stroke. Examination of 
the sample sizes in past studies also revealed some smaller sample sizes: Nys, 
Zandvoort, Kort, Jansen, Kappelle, and Haan, (2005) used a sample size of 26, 
Zerfass et al. (1992) used 30 patients. This diversity of sample sizes in Western 
studies may be attributable to differences in the resources available to the 
researchers, including the funds available and policy for funding in their respective 
countries. The year in which the studies took place may also be important in 
highlighting dissimilarities in the socio-demographic characteristics of the patients. 
Ayerbe et al. (2011) might have used UK as research location, which has different 
socio-demographic characteristics compared to the Netherlands, used as a 
research location by Nys, Zandvoort, Kort, Jansen, Kappelle, and Haan (2005). It 
follows that the results of studies based on a small sample can be generalised to 
other small populations while those of studies based on large samples can be 
generalised to larger countries. Conversely, for assessing a large territory, a large 
Chapter 7: Discussion and Conclusion 
 
264 
 
sample is required. A limitation of the current study is its sample size which affects 
the power calculation. This is because including only hospitals and rehabilitation 
units meant that other post-stroke patients, such as those residing in Saudi 
communities, are omitted from the sample. 
In the present study, it was important to determine a sufficient sample size for 
assessing the prevalence of cognitive dysfunctions and mood disorders, and the 
relationship between them, after stroke in Saudi Arabia. A sample size of 100 was 
determined to be feasible for studying Saudi stroke patients because there are only 
four established stroke units in medical centres in Riyadh, the capital city of Saudi 
Arabia. On average, 700 stroke patients are admitted to these centres every year. 
To be representative, the sample would need to be more than 10% of first-ever 
stroke patients in Saudi Arabia; thus a sample size of 100 was used. 
7.7 Strength and weakness of this study 
The purpose of the prospective hospital-based study was to assess the extent of 
the relationship between different cognitive domains and two mood disorders 
(anxiety and depression). The comparison with Western-based studies helped to 
identify a research gap in the existing Saudi studies. Prior to the current study, no 
Saudi study had empirically investigated the relationship between cognitive 
dysfunctions and mood deficits in stroke patients as well as systematically 
reviewed simultaneously and cross-validated both the findings to reach sufficient 
conclusion. The cross-referencing further validated the research findings of the 
current study because the 17 international studies reviewed focused on multiple 
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regions in the form of a systematic review. The countries included: the US, the UK, 
Canada, Italy, Finland, China, Portugal, the Netherlands, New Zealand, Serbia, 
Singapore, South Korea, and Norway. The inclusion of European and Asian 
countries in the systematic review helped to minimise any biased findings.  
The review of international studies enabled a broader comparative perspective of 
methodological issues in stroke studies. This review facilitated the use of a strong 
methodological framework and a strong base for validating the research findings. 
The selection of clinical measurement scales, statistical techniques, methods, 
recruitment process, data collection method and data analysis methods also 
contributed to the analysis, both individually and collectively, of the rate of 
prevalence of cognitive domains and mood disorders (anxiety and depression). 
The measuring instruments used in the current study were interlinked because of 
their ability to investigate the relationship between mood disorders and cognitive 
dysfunctions in more than one domain. Therefore, effective for obtaining accurate 
results, due to their consistency and compatibility with each other.      
The present study focused on those problems faced by the post-stroke survivors in 
Saudi Arabia. Most patients after stroke are unaware of the association between 
cognitive status and mood disorders affecting their mood and ultimately their 
quality of life. An implication of this study is that it points to the need for an 
increased understanding of stroke and psycho-education among the stroke 
population. The study revealed a multitude of factors (e.g., age, „level of literacy‟ 
and „time since stroke‟) whose relationship with post-stroke mood disorders and 
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post-stroke cognitive dysfunctions was previously unknown or understood only to a 
limited extent. The findings lead to recommendations for improving the 
neuropsychological assessment of post-stroke patients in Saudi Arabia, discussed 
below in Section 7.9.      
In addition, the study‟s context was unique in that Saudi Arabia has a relatively 
high rate of illiteracy, and the study identified illiteracy as a key risk factor in the 
relationship between cognitive dysfunction and mood disorders in the Saudi stroke 
population. It is possible that illiterate patients lack information about the symptoms 
and outcomes of stroke and that this lack of knowledge exacerbates mood 
disorders. Moreover, they lack coping strategies for mood disorders after stroke. 
This is the reason why illiteracy was recognised to be a vital factor in predicting the 
relationship between the post-stroke cognitive dysfunctions and anxiety and 
depression. 
The time period of „six months after stroke‟ showed significant differences for 
assessing the prevalence of cognitive dysfunctions and mood disorders. This may 
be because patients need to gain some information and knowledge about the 
stroke and treatment for its neuropsychological consequences. It is therefore 
urgent that the Saudi authorities make efforts towards designing strategies and 
frameworks for raising awareness and improving treatment of neuropsychological 
disorders within the first six months post stroke.                           
Methodological strengths of the present study include a relatively large sample size 
(n=100). The selection of stroke patients from three Saudi medical centres further 
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meant that each eligible participant was given a chance to take part in this study. 
Moreover, the size of the sample had enough statistical power to determine and 
assess the accuracy of responses gathered from the sample.  
However, a weakness of the study is that the sample size is small in relation to the 
questions investigated in the study. In other words, the relatively broad focus of this 
study required a larger sample size. This was primarily due to the time constraints 
of the study. An implication is that it may not be possible to generalise the research 
findings to the entire country; their efficacy may be limited to the selected settings 
only, that is, the three Saudi hospitals chosen.  
Apart from sample size, recruitment methods were critical for obtaining accurate 
research results. Included in this study were only those patients who had been 
diagnosed by neurologists as having ischemic or haemorrhagic stroke according to 
either CT scans or MRI results. Prior to admitting these participants, it was 
confirmed that they had been treated for at least one month following their first-
ever stroke, either in out-patient clinics or in stroke units based at one of three 
medical centres in Riyadh. This recruitment method was selected so as to retain 
focus on ischemic and haemorrhagic stroke patients, since the literature has 
already confirmed these as the most common type of stroke in Saudi Arabia: about 
300 stroke patients are admitted annually to the King Abdul-Aziz Medical City‟s 
National Guard stroke programme, of which 85% of cases of ischemic or 
haemorrhagic stroke. However, it is notable that CT scans are also not accurate in 
detecting all strokes and therefore there is the possibility that some very mild 
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strokes may not have been included. As a result, some proportion of post-stroke 
patients in the selected settings may not have been included in the current study. 
Having confirmed the presence of stroke in the potential participants, the 
recruitment process moved towards the recruitment of outpatients and in-patients, 
after obtaining informed consent from the research participants. The clinical staff 
verified that the clinical patients were ready to take part in the overall observational 
study based on the study criteria stipulated at the beginning of the research. The 
exclusion and inclusion criteria of the present study were moreover informed by 
those in past studies. Only those patients who were assessed to be conscious, 
oriented and sufficiently able to comprehend and communicate informed consent 
were included. It also needed to be established that the patients understood the 
Arabic versions of the neuropsychological and mood measures undertaken. Blind 
and deaf patients were excluded to maintain the credibility of the research findings. 
As in past studies, a pre-designed recruitment protocol was used for the current 
investigation. Involving different individuals and multiple-level checks, the 
recruitment procedure adopted helped in filtering the patients according to the 
inclusion criteria. However, there is a possibility that some of the eligible 
participants were omitted during the in-patient or outpatient recruitment. The 
selection in the current study as well as the assessment methods may have led to 
exclusion of those with severe aphasia. Additionally, these findings might not be 
representative of all stroke patients in Saudi Arabia. 
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The timing of assessment was also significant in the current study. Prior to 
selecting a feasible period for the assessment, the time periods used in Western-
based studies were assessed. Time-points for assessing first-ever stroke patients 
included: 12 months (Robinson & Price, 1982), 2 weeks, and 3, 6, 12, 24 months 
(Parikh et al., 1987), 4 months (Eastwood et al., 1989), 3, 6, 12, 24 months 
(Downhill Jr& Robinson 1984), and 9 months (Chatterjee et al., 2010). Ayerbe et al. 
(2011) selected a longer time interval for the assessment of the relationship 
between cognitive dysfunctions and mood disorders; their time interval was spread 
over 1, 3, 6, 12, and more than 12 months after stroke. The reason behind 
selection of more than one time interval in most Western-based studies is the 
finding that the outcomes of baseline assessments tend to differ from those at 
follow-up assessment. Generally at follow-up assessments, improvements in the 
condition of post-stroke patients are observed, as the patients have generally 
undergone treatment. Time intervals were also critical in the present study for 
measuring mood disorders. The initial assessment was taken to be the baseline 
assessment while the follow-up assessment was conducted three months later. 
There is a possibility that follow-up assessments undertaken in the longer term 
may bring different results. The findings gathered for the follow-up assessment in 
the current study are therefore limited to a single time point only, that is, 3 months. 
The strength of choosing two different time-points (the baseline and 3 months) for 
the assessment of PSA and PSD can be observed from the effective outcomes of 
present study. Not only did follow-up study clarify the rates of mood disorders, it 
also confirmed the effectiveness of choosing time-point of three months after 
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stroke. The most useful time-points have been found to be within six months after 
stroke with follow-up assessment within three months. The current study has 
selected both the intervals. A follow-up assessment at three months only is a vital 
limitation of this study as there is the possibility that important changes that occur 
at 12 months after stroke were missed. 
Concerning statistical techniques, this study used the Mann-Whitney test for post-
hoc analysis for identifying whether the distribution are significant or not for the 
different groups and subgroups is based on the obtained Z-value and the critical Z-
value. If the absolute value of the obtained Z-value is less than the critical value, 
then the value of p is less than the value of alpha = 0.05, and the result is said to 
be significant. Regression analysis used for assessing the relationship between 
different post-stroke mood disorders and cognitive dysfunctions. Descriptive 
statistics have been used to measure the variation between the samples. 
The latter was used for assessing the differences in percentiles (25th, 50th and 75th 
percentiles). This test was found to be more competent than the t-test for non-
normal distributions, such as a combination of normal distributions. The statistical 
measure was also found to be as effective as the t-test on normal distributions 
used in quantitative studies. The Mann-Whitney test was used for assessing the 
influence of participant characteristics on the cognitive domains and mood 
disorders. It was also used to compare HADS scores between the different 
subgroups. Its significance for assessing differences between sub-groups for all 
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the domains of dysfunction, based on median, percentile range, z-value and p-
value, cannot be underestimated. 
Another limitation of the study was the use of the Mann-Whitney test because of 
the inclusion of the ordinal measurements and non-normal distributions, whereas t-
tests are more powerful. However, due to the distribution design chosen in current 
study, the Mann Whitney test was used.  
Regression coefficients (beta) and collinearity statistics for the multiple regression 
models for HADS-Anxiety scores and HADS-Depression scores were calculated to 
cross-check the results of the correlations with the regression. The chosen linear 
regression analysis was undertaken to determine whether demographic 
characteristics and their dependency predicted the occurrence of mood disorders, 
whether post-stroke anxiety or post-stroke depression. The dependent variables 
were mood disorders, while independent variables were patient characteristics 
(age, gender, „level of literacy‟, „time since stroke‟, „side of weakness‟, and 
treatment setting). 
Some of the Western-based studies also used regression analysis in their baseline 
and follow-up assessments for comparison of cognitive dysfunctions and mood 
disorders. For example, Zerfass (1992), Sampson (2003) and Bugarski, (2009) 
used a regression model for their baseline assessment. Examples of follow-up 
assessment are as follows: Rasquin (2005) used regression models for comparing 
cognitive dysfunction and depression after 1, 6, 12 and 24 months of stroke; 
Saxena (2008) used regression models for examining cognitive dysfunction and 
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depression at 1 and 6 months after stroke; Ayerbe (2011) used the same statistical 
technique for the assessment of cognitive dysfunction and depression at 3, 12, 36 
and 60 months after stroke.         
The most common statistical analysis used in this study (in almost every chapter) 
was frequency analysis. This is a descriptive statistical approach which can show 
the occurrence of cognitive dysfunctions and mood disorders in the post-stroke 
period. Frequency analysis also enabled the examination of the impact of patient 
characteristics on particular dysfunctions and disorders. With the help of the well-
constructed frequency analysis, it was possible to understand the structure of the 
relationships between different variables and the sub-categories among them. A 
final reason for using a frequency distribution in the present study was its efficacy 
for represented frequencies in tabular or graphic form. As in many other studies, 
frequency analysis was used in the present study in conjunction with the other 
prominent statistical techniques. 
All the four statistical techniques – the Mann-Whitney Test, Regression Analysis 
and Frequency Analysis – were found to be effective for quantifying the results 
gathered from the neuropsychological and mood-disorder assessment scales. A 
limitation of the chosen statistical techniques is that they emphasised only the most 
prominent results, based on the recognised quantitative figures. They were unable 
to provide an in-depth examination of the issues. It is recommended that for a more 
powerful analytic method for assessing the strength of association, more statistical 
techniques should be used. 
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Have reflected on the statistical techniques used in this study, the next section 
highlights the factors that were not included in this study.   
7.8 Factors not included in the study 
As mentioned above, six patient characteristics were included in this study, while 
several factors were not included. It is possible that, had these factors been 
included, the results and findings may have been different from the ones as 
observed in the current research. Some of the vital factors discussed in the present 
study are identified below.  
7.8.1 Lesion of stroke in the brain  
Localisation of the lesion – such as whether the stroke is on the right or left side of 
the brain – is a significant determinant of the type of cognitive dysfunction that 
develops. These lesions are also clinically recognised to be a significant factor 
associated with the development of mood disorders among patients. However, it is 
important to note that the present study was not concerned with the physical 
causes behind the cognitive dysfunctions or mood disorders. Rather, the focus of 
present study was on the patient characteristics, which are not physical but helped 
in linking the prevalence rates, dependency and predictability of these cognitive 
and mood disorders after stroke within the Saudi population. 
7.8.2 Social support  
Another factor that was not included in the current study was the level of social 
support that post-stroke patients receive from family, relatives and friends. Those 
patients who receive such support are less likely to develop mood disorders, 
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despite having problems within one or more cognitive domains. The inclusion of 
the variable „social support‟ might have led to different results within the present 
study, Past studies (Gottlieb et al., 2001; Tsouna-Hadjis et al., 2000) have 
confirmed that increased social support for stroke survivors can expedite recovery 
and enable more widespread recovery of functional status after stroke. Conversely, 
socially isolated patients are at a greater risk of poor outcomes (Scott et al., 2012), 
which can result in a deteriorating mood status due the poor functional and 
cognitive recovery. The main reason was that the researcher could not assess any 
more variables as he did not have time to assess all aspects. In addition, the 
measures available are not necessarily psychometrically robust and may not have 
been validated on Saudi patients. It has been observed that, despite strong family 
support, some post-stroke patients still fail to recover their functional and mood 
status and suffer intense depression and anxiety after stroke. Similarly, some 
studies have found that social support is highly associated with post-stroke 
educational and counselling interventions, strengthening patients‟ social networks 
and supportive relationships. The complexity surrounding the effectiveness of 
social support in post-stroke survivors restricts its usage in the present research. 
7.8.3 Aphasia 
Another factor not considered in the current study is aphasia, an impairment of 
language, caused by the stroke that affects the production or comprehension of 
speech and the ability to read or write. The measurement scales used for testing 
neuropsychological status and the mood status of the patients require verbal 
communication abilities to provide the response. Because aphasia acts as a barrier 
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when verbal tests are used, any patients showing the condition were excluded from 
the study. Had aphasia been used as a variable in the present study, measurement 
scales that are not based on verbal reasoning would need be used to 
accommodate patients with mild or moderate aphasia. There is a possibility that in 
selecting aphasia for measuring the relationship between the cognitive 
dysfunctions and mood disorders, their association would be intensified. 
The strength of not including the above-mentioned factors in the present study is 
that the research remains focused and aligned with the research objectives. Their 
exclusion was necessary for the timely and successful accomplishment of the 
overall research aim and the different research objectives specified in each 
chapter. Their exclusion also helped to eliminate imprecise and vague predictions 
based on uncertain factors. In considering only six patient characteristics, the 
reliability of the research was maximised. In addition, these six patients 
characteristic were verified through examination of the Western-based studies.  
In contrast, it may be argued that the exclusion of too many relevant factors from 
the inclusion criteria is a significant weakness of the study as it restricted the 
potential sample population, leading to problematic interpretations of the findings. 
In sum, while the exclusion of factors helps in filtering the study so as to achieve its 
key aim and objectives simultaneously, this exclusion can adversely affect the 
quality of the research and validity of the research outcomes.  
Apart from these factors, other factors that were excluded by the current study 
included: severe dementia, quality of the life, the length of stay in the hospital, level 
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of consciousness, and consideration of other types of stroke (e.g., subarachnoid 
haemorrhage). 
Having considered the strengths and limitations of the study, the following section 
addresses clinical implications and recommendations for future research.       
7.9 Clinical implications and recommendations for future research 
In this section, clinical implications and recommendations for future research are 
considered. The confirmation in this study of relationship between the post-stroke 
anxiety and post-stroke depression with the cognitive domains gives rise to several 
clinical implications for dealing with the post-stroke problems in Saudi Arabia. 
Although the findings of this study show the dependency of mood disorders on the 
loss of a cognitive function, the association is still correlational and cannot be 
confirmed as causal. The findings of current study suggest that the regulatory and 
clinical staff should work collaboratively with physiotherapists, psychiatrists and 
psychologists in order to design effective awareness programmes and 
rehabilitation units. A collaborative design would facilitate the targeting of each 
physical and mental ability of the ischemic or haemorrhagic stroke patients. 
Furthermore, it can be argued that the ACE-R, Apples Cancellation Test and Trail 
Making Test (TMT) should be used routinely as screening measures in Saudi 
settings as part of the neuropsychological assessments and interventions designed 
for post-stroke patients. The HADS should also be used practically for detecting 
mood anxiety and depression through clinical interviews with the stroke patients. 
Additionally, like the Arabic version of the ACE-R and TMT, other 
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neuropsychological scales also need to be translated into Arabic for better 
assessment as well as to increase awareness of neuropsychological assessment 
among the Saudi professionals and patients. Such tests could include the Apple 
Cancellation Test.  
Despite its limitations, Saudi professionals have tended to use the MMSE, which is 
the most commonly used screening measure for stroke even though it was 
developed to detect dementia only and not cognitive impairment after stroke. 
Therefore, their findings cannot be generalised to the broader context. There are 
other tests which were developed to detect post-stroke cognitive impairment, such 
as the Oxford Cognitive Screen, which need to be translated into Arabic and 
validated for a Saudi sample, before they can be usefully used.  
The lack of clinical research, mainly cross-sectional and case control studies, in 
Saudi Arabia further underscores the contribution of the present study. A similar 
type of study is needed to substantiate the findings of the present research and to 
control the increasing prevalence rates of stroke, cognitive dysfunctions and mood 
disorders before and after stroke incidences. The present research underscores 
the importance of cross-sectional and observational studies for understanding the 
deteriorating neuropsychological conditions among Saudi stroke patients. Clinical 
authorities can use the findings and conclusions of the present study to justify to 
the Saudi authorities their need for regulatory support.            
Additionally, the findings of the present study suggest the following set of 
recommendations for future research. Future studies should concentrate on the 
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individual use of multiple measurement scales as used in global studies. Because 
stroke patients are likely to be medically, physically and psychologically unstable, 
future researchers should use different cognitive and mood scales to assess their 
impact.  
Furthermore, future studies should also consider the set of factors that were not 
included in the present study due to its limited focus. Factors such as lesion of 
stroke, social support and aphasia can be considered in future studies in order to 
identify the extent of their influence on the association between the post-stroke 
cognitive dysfunctions and mood disorders. Much effort is yet required to fully 
investigate the prevalence rate of post-stroke anxiety and depression among the 
Saudi Arabian population. It is also worth noting that the current study has 
assessed the relationship between cognitive dysfunction and mood disorders, but it 
has still not been established which one „causes‟ the other. Therefore, a strong 
recommendation of current study is to investigate the effect of cognitive 
rehabilitation on mood, and to investigate the effect of treating mood disorders on 
cognition. 
The examination of past studies concluded that stroke patients residing in different 
settings are likely to have different outcomes. To ensure adequate results, it is 
recommended that various types of settings be taken into account, including 
hospitals, rehabilitation settings, community centres and other informal care units 
in Saudi Arabia. While informal centres and care units can help in obtaining more 
informed findings in comparison to the formal hospitals and rehabilitation centres, it 
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is suggested that, in future, a mix of settings could help to maximise the validity of 
the findings. 
7.10 Conclusion 
The three key research objectives of this study were achieved. The first research 
objective was to investigate whether a statistically significant relationship exists 
between the cognitive dysfunctions and mood disorders in stroke patients. A 
statistically relationship was found for most of the cognitive domains investigated 
and the mood disorders. The findings suggested that the impact of cognitive 
dysfunctions on the mood disorders could only be identified as correlational and 
not causal. We can therefore accept the notion that post-stroke survivors who are 
suffering from the cognitive dysfunctions are likely to suffer from the mood 
disorders too. The findings of the present study confirm those of past studies 
(Western-based studies including some Asian studies) and indicate that there is a 
relationship between the cognitive dysfunctions and mood disorders among the 
ischemic or haemorrhagic stroke patients in Saudi Arabia.  
The second research objective was to examine whether there are significant 
differences between stroke patients with and without mood disorders in terms of 
their cognitive functions. The results of current study confirm visible differences 
among the anxious, non-anxious, and depressed and non-depressed patients in 
Saudi Arabia. Further, the different dysfunctions within the cognitive domains are 
evident among patients without disorders.  
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Finally, the third research objective was to identify whether the severity of mood 
disorders can be predicted by assessing cognitive functions. It was found that 
cognitive dysfunctions were able to predict the severity of the mood disorders 
among Saudi stroke patients.  
Analysis of the relationship between cognitive dysfunctions and mood disorders in 
the different chapters of this study confirms that Saudi Arabia has increasing 
prevalence rates of stroke and associated functional and mood disorders. This is 
evident from the rising percentage of anxiety and depression diagnosed among the 
Saudi Arabian population, which is higher than that in previous national studies. 
Due to the lack of regulatory focus on stroke and post-stroke rehabilitation 
programmes like those in Western countries, Saudi stroke patients experience 
adverse outcomes from their functional impairments, mental impairments and 
ultimately impairments of their mood status. The current study has also highlighted 
the strong influence of six patient characteristics on the differences in the results of 
patients both with and without mood disorders. Age was found to be a highly 
significant factor in both the present and past studies. In Saudi Arabia, as in most 
Western countries, post-stroke patients aged 61 years and over were found to be 
more affected by neuropsychological disorders and mood disorders than younger 
patients. The reason behind this is the decreased functional capacity of patients in 
this age group and the reduced or lack of social support provided. However, unlike 
Western countries, females were found to be more influenced than males by 
different cognitive dysfunctions. These differences may be attributable to the 
cultural bias and male domination in Middle Eastern countries like Saudi Arabia.  
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Additionally, „time since stroke‟ was recognised to be an important factor in 
identifying the relationship between cognitive dysfunctions and mood disorders. As 
in Western studies, current research in Saudi settings also confirms that stroke, 
cognitive dysfunctions and mood disorders are most prevalent within the first six 
months after stroke. The current study showed that „time since stroke‟ is important 
because, the more time that passes since the stroke, the more some cognitive 
domains start recovering, while others deteriorate. The role of „level of literacy‟ 
should also not be underestimated in assisting Saudi post-stroke patients in 
recovering their cognitive functions in order to control depression and anxiety 
levels. Additionally, in Western countries, the level of literacy is high compared to 
that in Saudi Arabia. This is the main reason why the group of illiterate patients in 
all three Saudi hospitals showed a high prevalence rate of cognitive dysfunctions 
and mood disorders in comparison to the literate group. The study also concluded 
that „level of literacy‟ contributes to differences in the baseline results and follow-up 
assessments. Clinical support, such as raising clinical awareness, can help post-
stroke patients to identify ways to recover from their mood disorders even if they 
are not able to improve their cognitive impairments. Thus, it may be concluded that 
post-stroke cognitive dysfunctions and the post-stroke mood disorders are related 
to each other but cognitive dysfunctions cannot be treated as predictors of or 
dependent factors for the mood disorders. 
The findings of this study suggest that the Saudi Health Ministry should take the 
matter seriously and, as a matter of urgency, adopt a precautionary rather than 
reactionary policy (Kamran et al., 2006, Robert & Zamzami, 2014). Stroke cases in 
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Western countries confirm that the costs incurred to control the prevalence of the 
disease before onset are much lower than healthcare costs post-stroke. Thus, to 
equal their Western counterparts, Saudi Arabian healthcare authorities must focus 
on modifiable as well as non-modifiable risk factors. 
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Appendix 1: List of keywords and search strategy used in the Medline (Ovid) 
 
  
Terms 
 
KEY WORDS 
 
COMBINATION 
 
S
tr
o
k
e
 
Stroke 1. exp Stroke, Lacunar/ 
or exp Stroke/ 
 
9. (stroke or Lacunar 
or "Basal Ganglia 
Cerebrovascular 
Disease" or 
"Cerebrovascular 
Trauma" or 
"Cerebrovascular 
Disorders" or 
"Cerebral 
Hemorrhage" or 
Hemorrhage or 
"Brain Stem 
Hemorrhage" or 
"Subarachnoid 
Hemorrhage, 
Traumatic" or "Brain 
Hemorrhage, 
Traumatic" or 
"Cerebral 
Hemorrhage, 
Traumatic" or 
"Subarachnoid 
Hemorrhage" or 
"Intracranial 
Hemorrhage, 
Hypertensive" or 
"Brain Ischemia" or 
Ischemia or 
"Ischemic Attack, 
Transient" or 
"Infarction, Middle 
Cerebral Artery" or 
"Brain Infarction" or 
"Infarction" or 
"Infarction, Posterior 
Cerebral Artery" or 
"Cerebral Infarction" 
or "Infarction, 
Anterior Cerebral 
Cerebrovascular 2. exp Basal Ganglia 
Cerebrovascular 
Disease/ or exp 
Cerebrovascular 
Trauma/ or exp 
Cerebrovascular 
Disorders/ 
Hemorrhage OR 
Heamorrhage 
3. Cerebral Hemorrhage/ 
or Hemorrhage/ or 
Brain Stem 
Hemorrhage, 
Traumatic/ or 
Subarachnoid 
Hemorrhage, 
Traumatic/ or Brain 
Hemorrhage, 
Traumatic/ or Cerebral 
Hemorrhage, 
Traumatic/ or Basal 
Ganglia Hemorrhage/ 
or Subarachnoid 
Hemorrhage/ or 
Intracranial 
Hemorrhage, 
Hypertensive/ 
Ischemia OR ischaemia 
OR ischemic 
4. exp Brain Ischemia/ or 
exp Ischemia/ exp 
Ischemic Attack, 
Transient/ 
Infraction 5. exp Infarction, Middle 
Cerebral Artery/ or exp 
Brain Infarction/ or 
Infarction/ or exp 
Infarction, Posterior 
Cerebral Artery/ or exp 
Cerebral Infarction/ or 
exp Infarction, Anterior 
Cerebral Artery/ 
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Artery" or Geriatrics 
or Embolism or 
"Intracranial 
Embolism" or 
Thromboembolism 
or Thrombosis).ti. 
 
Total: 122192 
Limit to (humans and 
yr="1980 - 2013" and 
"all adult (19 plus 
years)") 
 
Geriatric 6. exp Geriatrics/ 
emboli* 7. exp Stroke/ or exp 
Embolism/ or exp 
Intracranial Embolism/ 
Thrombo* 8. exp 
Thromboembolism/ or 
exp Thrombosis/ 
C
o
g
n
it
iv
e
 d
y
s
fu
n
c
ti
o
n
 
Cognitive 10. exp Delirium, 
Dementia, Amnestic, 
Cognitive Disorders/ or 
exp Mild Cognitive 
Impairment/ 
 
16. (Delirium or 
Dementia or Amnestic or 
"Cognitive Disorders" or 
"Mild Cognitive 
Impairment" or 
"Cognition Disorders" or 
Cognition or "Alzheimer 
Disease" or 
"Neuropsychological 
Tests" or 
Neuropsychiatry or 
"Psychiatric Status 
Rating Scales" or 
"Mental Disorders" or 
"Vascular dementia" or 
Multi-Infarct or 
"Frontotemporal 
Dementia").ti. 
 
Total: 33283 
limit to (humans and 
yr="1980 - 2013" and "all 
adult (19 plus years)") 
Cognition 11. exp Cognition 
Disorders/ or exp 
Cognition/ 
Neuropsych* 12. exp Dementia/ or exp 
Cognition Disorders/ or 
exp Alzheimer 
Disease/ or exp 
Neuropsychological 
Tests/ or exp 
Neuropsychiatry/ 
Mini Mental State 
Examination 
13. exp Psychiatric Status 
Rating Scales/ or exp 
Alzheimer Disease/ or 
exp Dementia/ or exp 
Neuropsychological 
Tests/ or exp Mental 
Disorders/ or exp 
Cognition Disorders/ 
Dementia 14. exp Delirium, 
Dementia, Amnestic, 
Cognitive Disorders/ or 
exp Dementia, 
Vascular/ or exp 
Dementia, Multi-Infarct/ 
or exp Dementia/ or 
exp Frontotemporal 
Dementia/ 
 
Alzheimer 15. exp Alzheimer 
Disease/ 
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17. (#9 AND 16 AND #23) 
 
limit to (humans and 
yr="1980 - 2013" and "all 
adult (19 plus years)") 
 
 
 
Total: 1062 
D
e
p
re
s
s
io
n
 
Depression 18. exp Depression/  
 
25. (Depression or 
"depressive disorder" or 
"Major depressive 
disorder" or "Treatment-
Resistant" or 
"Psychological Tests" or 
Stress or "psychological 
stress" or "Brief 
Psychiatric Rating Scale" 
or "Psychiatric Status 
Rating Scales" or 
Emotions or "Affective 
Symptoms" or 
"psychological 
Questionnaires" or effect 
or "poststroke" or "post-
stroke" or "post 
stroke").ti. 
 
 
Total: 196543 
limit to (humans and 
yr="1980 - 2013" and "all 
adult (19 plus years)") 
Depressive 19. exp Depressive 
Disorder, Major/ or exp 
Depressive Disorder/ 
or exp Depressive 
Disorder, Treatment-
Resistant/ 
Psychological  20. exp Psychological 
Tests/ or exp Stress, 
Psychological/ 
Psychiatric  21. exp Brief Psychiatric 
Rating Scale/ or exp 
Psychiatric Status 
Rating Scales/ 
Emotional  22. exp Emotions/ or exp 
Stress, Psychological/ 
or exp Affective 
Symptoms/ or exp 
Questionnaires/ 
mood 23. exp Affect/ 
Poststroke OR post-
stroke OR post stroke 
24. (poststroke or post-
stroke or post 
stroke)[ti] 
   
26. (#9 AND 16 AND 
#25).ab. 
 
(humans and yr="1980 
- 2013" and "all adult 
(19 plus years)") 
 
 
 
 
Total: 685 
 
 
 
 
Appendices 
318 
 
Appendix 2: List of keywords and search strategy used in the EMBASE 
 
  
Terms 
 
KEY WORDS 
 
COMBINATION 
 
S
tr
o
k
e
 
Stroke 1. exp cerebrovascular 
accident/ 
 
9. (stroke or 
"cerebrovascular 
accident" or 
"cerebrovascular 
disease" or 
"cerebrovascular 
accident" or bleeding 
or "brain ischemia" or 
ischemia or "transient 
ischemic attack" or 
"brain infarction" or 
geriatrics or embolism 
or "brain embolism" or 
thrombosis or 
thromboembolism).ti. 
 
Total: 17321 
 
limit to (human and 
yr="1980 - 2013" and 
(adult <18 to 64 years> 
or aged <65+ years>)) 
cerebrovascular 2. exp cerebrovascular 
disease/ or exp 
cerebrovascular 
accident/ 
Hemorrhage OR 
haemorrhage 
3. exp bleeding/ 
Ischemia OR 
ischemic OR 
ischaemia 
4. exp brain ischemia/ or 
exp ischemia/ exp 
transient ischemic 
attack/ 
Infraction 5. exp brain infarction/ 
Geriatric 6. exp geriatrics/ 
Emboli* 7. exp embolism/ or exp 
brain embolism/ 
Thrombo* 8. exp thrombosis/ or exp 
thromboembolism/ 
C
o
g
n
it
iv
e
 d
y
s
fu
n
c
ti
o
n
 
Cognitive 10. exp mild cognitive 
impairment/ or exp 
cognitive rehabilitation/ 
or exp Montreal 
cognitive assessment/ or 
exp cognitive defect/ 
 
16. ("mild cognitive 
impairment" or "cognitive 
rehabilitation" or 
"Montreal cognitive 
assessment" or 
"cognitive defect" or 
"cognition assessment" 
or cognition or 
"neuropsychological test" 
or neuropsychology or 
"psychological aspect" or 
"mental health" or "Mini 
Mental State 
Examination" or 
"psychological rating 
scale" or "mental 
disease" or dementia or 
"senile dementia" or 
"dementia assessment" 
or "multiinfarct dementia" 
or "presenile dementia" 
Cognition 11. exp cognition 
assessment/ or exp 
cognition/ 
Neuropsych* 12. exp cognitive defect/ or 
exp dementia/ or exp 
neuropsychological test/ 
or exp cognition/ or exp 
Alzheimer disease/ or 
exp neuropsychology/ or 
exp psychological 
aspect/ 
 
Mini Mental State 
Examination 
13. exp Alzheimer disease/ 
or exp mental health/ or 
exp cognitive defect/ or 
exp Mini Mental State 
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Examination/ or exp 
cognition/ or exp 
psychological rating 
scale/ or exp mental 
disease/ or exp 
dementia/ 
or "mixed depression 
and dementia" or "frontal 
variant frontotemporal 
dementia" or "Cornell 
Scale for Depression in 
Dementia" or "Clinical 
Dementia Rating" or 
"semantic dementia" or 
"frontotemporal 
dementia" or "Alzheimer 
Disease Assessment 
Scale" or "Alzheimer 
disease").ti. 
 
Total: 3655 
 
limit to (human and 
yr="1980 - 2013" and 
(adult <18 to 64 years> 
or aged <65+ years>)) 
Dementia 14. exp senile dementia/ or 
exp dementia 
assessment/ or 
expmultiinfarct 
dementia/ or 
exppresenile dementia/ 
or exp dementia/ or exp 
"mixed depression and 
dementia"/ or exp frontal 
variant frontotemporal 
dementia/ or exp Cornell 
Scale for Depression in 
Dementia/ or exp 
Clinical Dementia 
Rating/ or exp semantic 
dementia/ or 
expfrontotemporal 
dementia/ 
Alzheimer 15. exp Alzheimer Disease 
Assessment Scale/ or 
exp Alzheimer disease/ 
   
17. (# 9 AND # 16).ti. 
 
limit to (human and 
yr="2013" and (adult 
<18 to 64 years> or 
aged <65+ years>) 
 
 
 
 
Total: 1009 
 
 
 
D
e
p
re
s
s
io
n
 
Depression 18. exp depression 
assessment/ or exp Self-
rating Depression Scale/ 
or exp late life 
depression/ or exp Beck 
Depression Inventory/ or 
exp Hamilton 
Depression Rating 
Scale/ or exp long term 
depression/ or exp 
"Hospital Anxiety and 
Depression Scale"/ or 
exp major depression/ or 
exp Geriatric Depression 
 
24.(depression or 
"depression assessment" 
or "Self-rating 
Depression Scale" or 
"late life depression" or 
"Beck Depression 
Inventory" or "Hamilton 
Depression Rating Scale" 
or "long term depression" 
or "Hospital Anxiety and 
Depression Scale" or 
"major depression" or 
"Geriatric Depression 
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Scale/ or exp 
Montgomery Asberg 
Depression Rating 
Scale/ or exp "mixed 
depression and 
dementia"/ or exp 
depression/ or exp 
depression inventory/ or 
exp Cornell Scale for 
Depression in Dementia/ 
or exp Zung Self Rating 
Depression Scale/ or 
exp Depression Anxiety 
Stress Scale/ 
Scale" or "Montgomery 
Asberg Depression 
Rating Scale" or "mixed 
depression and 
dementia" or "depression 
inventory" or "Cornell 
Scale for Depression in 
Dementia" or "Zung Self 
Rating Depression Scale" 
or "Depression Anxiety 
Stress Scale" or 
"psychological well 
being" or "psychological 
aspect" or "psychological 
distress assessment" or 
"psychological wellbeing 
assessment" or 
"psychological rating 
scale" or "Brief 
Psychiatric Rating Scale" 
or "Psychiatric Symptom 
Index" or "emotional 
stress" or "emotional 
disorder" or "Profile of 
Mood States" or "mood 
change" or "Mood 
Disorder Questionnaire" 
or mood or "mood 
disorder assessment" or 
"mood disorder" or 
hemiplegia or aphasia).ti. 
 
Total: 3796 
 
limit to (human and 
yr="1980 - 2013" and 
(adult <18 to 64 
years> or aged <65+ 
years>)) 
Psychological 19. exp psychological well 
being/ or exp 
psychological aspect/ or 
exp psychological 
distress assessment/ or 
exp psychological 
wellbeing assessment/ 
or exp psychological 
rating scale/ 
Psychiatric 20. exp Brief Psychiatric 
Rating Scale/ or exp 
Psychiatric Symptom 
Index/ 
Emotional 21. exp emotional stress/ or 
expemotional disorder/ 
Mood 22. exp "Profile of Mood 
States"/ or exp mood 
change/ or exp Mood 
Disorder Questionnaire/ 
or exp mood/ or exp 
mood disorder 
assessment/ or exp 
mood disorder/ 
poststroke OR post-
stroke OR post 
stroke 
23. exp depression/ or exp 
Stroke/ or exp 
cerebrovascular 
disease/ or exp 
cerebrovascular 
accident/ or exp 
hemiplegia/ or exp 
aphasia/ 
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Appendix 3: List of keywords and search strategy used in the PsycINFO 
(Ovid) 
  
Terms 
 
KEY WORDS 
 
COMBINATION 
 
S
tr
o
k
e
 
 
Stroke 
1. exp Cerebrovascular 
Accidents/ or exp Cerebral 
Ischemia/ or exp Brain 
Damage/ or exp Ischemia/ 
 
9. (stroke or 
"Cerebrovascular 
Accidents" or 
"Cerebral Ischemia" 
or "Brain Damage" or 
Ischemia or 
"Cerebrovascular 
Disorders" or 
Hemorrhage or 
"Cerebral 
Hemorrhage" or 
"Subarachnoid 
Hemorrhage" or 
"Cardiovascular 
System" or Geriatrics 
or "Alzheimer's 
Disease" or 
Embolisms or 
Thromboses).ti. 
 
Total: 16616 
 
limit to (human and 
adulthood <18+ 
years> and yr="1980 
- 2013") 
Cerebrovascular 2. exp Cerebrovascular 
Disorders/ or exp 
Cerebrovascular Accidents/ 
Hemorrhage OR 
Haemorrhage 
3. expHemorrhage/ or exp 
Cerebral Hemorrhage/ or exp 
Subarachnoid Hemorrhage/ 
Ischemia OR 
ischemic OR 
ischaemia 
4. exp Ischemia/ or exp Cerebral 
Ischemia/ or exp Brain 
Damage/ or exp 
Cerebrovascular Disorders/ or 
exp Cerebrovascular 
Accidents/ or exp 
Cardiovascular System/ 
Infraction 5. exp Cerebrovascular 
Accidents/ or exp Cerebral 
Ischemia/ or exp Subarachnoid 
Hemorrhage/ or exp Cerebral 
Hemorrhage/ 
geriatric 6. exp Geriatrics/ 
emboli* 7. expThromboses/ or exp 
Cerebrovascular Disorders/ or 
exp Cerebral Ischemia/ or exp 
Alzheimer's Disease/ or exp 
Cerebrovascular Accidents/ or 
exp Embolisms/ 
Thrombo* 8. exp Cerebrovascular 
Accidents/ or expThromboses/ 
or exp Cerebrovascular 
Disorders/ or exp Embolisms/ 
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C
o
g
n
it
iv
e
 d
y
s
fu
n
c
ti
o
n
 
Cognitive 10. exp Cognitive Ability/ or exp 
Cognitive Impairment/ or exp 
Cognitive Processes/ or exp 
Cognitive Psychology/ or exp 
Cognitive Appraisal/ or exp 
Cognitive Rehabilitation/ or 
exp Cognitive Neuroscience/ 
or exp Cognitive Assessment/ 
 
16.("Cognitive 
Ability .ti. OR 
Cognitive 
Impairment .ti. OR 
Cognitive Processes 
.ti. OR Cognitive 
Psychology .ti. OR 
Cognitive Appraisal 
.ti. OR Cognitive 
Rehabilitation .ti. OR 
“Cognitive 
Neuroscience" or 
"Cognitive 
Assessment" or 
Cognition or 
Neuropsychology or 
"Neuropsychological 
Rehabilitation" or  
 
"Neuropsychological 
Assessment" or 
"Mini Mental State 
Examination" or 
"Vascular Dementia" 
or Dementia or 
"Semantic 
Dementia" or 
"Presenile 
Dementia" or 
"Senile Dementia" 
or "Alzheimer's 
Disease").ti. 
 
Total: 27164 
 
limit 5 to (human and 
adulthood <18+ 
years> and yr="1980 
- 2013") 
Cognition 11. exp Cognition/ 
Neuropsych* 12. exp Cognitive Ability/ or exp 
Neuropsychology/ or exp 
Neuropsychological 
Rehabilitation/ or exp 
Cognition/ or exp 
Neuropsychological 
Assessment/ 
Mini Mental 
State 
Examination 
13. exp Mini Mental State 
Examination/ 
Dementia 14. exp Vascular Dementia/ or exp 
Dementia/ or exp Semantic 
Dementia/ or expPresenile 
Dementia/ or exp Senile 
Dementia 
Alzheimer's 15. exp Cognitive Impairment/ or 
exp Alzheimer's Disease/ or 
exp Dementia/ 
  
 
 
17. (#9 AND #16).ti. 
 
limit 10 to (human and adulthood 
<18+ years> and yr="1980 - 2013") 
 
 
 
 
 
 
 
Total: 1157 
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D
e
p
re
s
s
io
n
 
Depression 18. exp Major Depression/ or exp 
"Depression (Emotion)"/ or exp 
Beck Depression Inventory/ or 
expZungs Self Rating 
Depression Scale/ or exp 
"Long-term Depression 
(Neuronal)"/ 
 
24. ("Depression" or 
"Major Depression" or 
"Depression 
(Emotion)" or "Beck 
Depression Inventory" 
or "Zungs Self Rating 
Depression Scale" or 
"Long-term 
Depression 
(Neuronal)" or 
"Psychological 
Assessment" or 
"Psychological 
Screening Inventory" 
or "Psychiatric 
Evaluation" or 
"Psychiatric 
Symptoms" or 
"Emotional 
Disturbances" or 
"Emotional States").ti. 
 
Total: 33759 
 
limit 13 to (human 
and adulthood <18+ 
years> and yr="1980 
- 2013") 
Psychological  19. exp Psychological 
Assessment/ or exp 
Psychological Screening 
Inventory/ 
Psychiatric  20. exp Psychiatric Evaluation/ or 
exp Psychiatric Symptoms/ 
Emotional  21. exp Emotional Disturbances/ 
or exp Emotional States/ 
Mood  22. exp Emotional States/ 
(poststroke OR 
post-stroke OR 
post stroke). 
23. exp Major Depression/ or exp 
"Depression (Emotion)"/ 
   
24. (#9 AND #16 AND #24).ab. 
 
limit 16 to (human and adulthood 
<18+ years> and yr="1980 - 2013") 
 
 
Total: 416 
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Appendix 4: Table of excluded studies for the systematic review 
 
No Authors and published year Reasons for exclusion 
1 Ayerbe et al. (2011) Correlation analysis not reported. Study was limited 
to comparison of outcomes of stroke patients with 
depression and severe depression in the severity of 
cognitive impairment. 
2 Bour, S. Rasquin, M. Limburg, & F. 
Verhey (2011) 
Correlation analysis not reported. Study was limited 
to comparison between patients with cognitive 
dysfunction and without in severity of depressive 
symptoms.  
3 Bugarski et al. (2009) Overall cognitive dysfunction not included. Study 
was limited to 7 Cognitive domains. 
4 Chatterjee, Fall, & Barer (2010) Limited to the CT-scan abnormalities to compare 
between depressed and control groups. 
5 Downhill & Robinson (1994) Correlation analysis not reported. Study was limited 
to Comparison between patients with cognitive 
impairment and without in the severity of 
depressive symptoms. 
6 Herrmann, S. E. Black, J. Lawrence, 
C. Szekely, & J. P. Szalai (1998) 
Standardised neuropsychological tests not used. 
7 M. Kauhanen et al. (1999) Correlation analysis not reported. Study was limited 
to comparison between non-depressed, Minor, and 
Major depression in the severity of dysphasia. 
8 Lipsey et al. (1983) Correlation value not reported. 
9 Madureira et al. (2001) Overall cognitive dysfunction not included. Study 
was limited to memory impairment. 
10 Mok et al. (2009) Limited to comparison of neuroimaging features 
between depressive and non-depressive. 
11 Murata et al. (2000) Correlation analysis not reported. Study was limited 
to comparison between patients with major 
depression and with without in severity of cognitive 
impairment. 
12 Van Zandvoort et al. (2005) Study was limited to prevalence of cognitive 
impairments after stroke. 
13 Nys et al. (2005) Limited to correlations between depressive 
symptoms and lesion characteristics. 
14 Pohjasvaara et al. (2002) Limited to comparison between depressed and 
non-depressed in the severity of executive 
dysfunction. 
15 Rasquin et al. (2005) Correlation analysis not reported. Study was limited 
to differences between patients with mild cognitive 
impairment and without in severity depressive 
symptoms. 
 
16 Robinson et al. (1986) Correlation value (r) not reported. 
 
17 Sampson, Kinderman, Watts, & 
Sembi (2003) 
Overall cognitive dysfunction not included. Study 
was limited to autobiographical memory. 
18 Saxena et al. (2008) Correlation analysis not reported. Study was limited 
to comparison between depressed and non-
depressed in the severity of cognitive impairment. 
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19 Barker-Collo (2007) Overall cognitive dysfunction not included. Study 
was limited to associations between post-stroke 
depression and cognitive domains (memory, 
attention/impulsivity, cognitive speed) 
20 Zerfass, Kretzschmar, & Forstl (1992) Full text article available in German. 
21 Yoo et al. (2009) Full text article available in Chinese.  
22 Yen et al. (2010) Mixed participants. 
23 Chahal et al. (2010) Limited to correlations between neuropsychological 
and functional outcomes. 
24 Sibolt et al. (2013) Associations between post stroke depression and 
overall cognitive dysfunction not reported. 
25 Camoes-Barbosa et al. (2012) Full text article available in Spanish. 
26 Rasquin et al. (2002) Limited to examine the occurrence and course of 
post stroke cognitive disorders. 
27 Abdul-sattar & Godab (2013) Study was limited to examine the possible variables 
that influence the functional outcomes after stroke. 
28 Perlmutter, Bhorade, Gordon, 
Hollingsworth, & Baum (2010) 
Limited to associations between cognition and 
affect participations after stroke. 
29 Nys, et al. (2006) Overall cognitive dysfunction not included. Study 
was limited to specific cognitive domains (visual 
perception and construction, executive functioning, 
neglect, abstract reasoning, language, verbal 
memory and visual memory). 
30 Patel et al. (2002) Depression assessment not included. 
31 Pohjasvaara, Vataja, Leppävuori, 
Kaste, & Erkinjuntti (2002) 
Limited to examine whether cognitive decline and 
mood disorder predict functional outcomes after 
stroke.  
32 Solfrizzi et al. (2007) Limited to assess the possible role of 
sociodemographic variables in the new depression 
among mild cognitive impairment stroke patients 
33 Farner et al. (2010) Limited to investigate changes in post stroke 
depressive symptoms over the 13 months. 
34 Wong et al. (2013) Limited to examine the frequencies of impairments 
in cognitive domains at one year of stroke. 
35 Ouimet, Primeau, & Cole (2001) Systematic review. 
36 Radman et al. (2012) Limited to examine demographic and neurologic 
factors for the development fatigue after stroke. 
37 Juarez-Cedillo et al. (2013) Limited to frequencies of cognitive impairment. 
38 Morris, Robinson, & Raphael (1990) Limited to comparison of not depressed, minor 
depression and major depression in severity of 
cognitive impairment. 
39 Egelko et al. (1988) Overall cognitive dysfunction not included. Study 
was limited to cognitive domains. 
40 Bolla-Wilson, Robinson, Starkstein, 
Boston, & Price (1989) 
Overall cognitive dysfunction not included. Study 
was limited to investigate performance on the nine 
cognitive domains by comparing between 
depressed and non-depressed. 
41 Fan et al. (2011) Full text article available in Chinese. 
42 Withall, Brodaty, Altendorf, & 
Sachdev (2011) 
Study was limited to compare between apathetic 
and depressed patient after stroke. 
43 Barker-Collo et al. (2009) Limited to frequency attention deficit after stroke. 
 
44 Barker-Collo et al. (2012) Did not evaluate the relationship between cognitive 
dysfunction and depression disorder. 
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45 Ballard et al. (2003) 
 
Depression measurement not included. 
46 Aiman M Hamad et al. (2011) Standardised neuropsychological assessment not 
included. 
47 Liman et al. (2011) Depression assessment not included. 
48 Stephens et al. (2004) Depression measurement not included. 
49 Bokura & Robinson (1997) Limited to compare the depression scores of these 
patients for the left caudate lesion group and the 
right caudate lesion group, for the left subcortical 
lesion group, and for the right subcortical lesion 
group. 
50 Rastenyte & Kranciukaite (2007) Full text article available in Lithuanian. 
51 Schaapsmeerders et al. (2013) Correlations between overall cognitive dysfunction 
and depression not reported. 
52 Gialanella & Ferlucci (2009) Depression assessment not included. 
53 Sharpe et al. (1990) Limited to examine the associations between mood 
disorders and brain lesion location and volume. 
54 Verhoeven et al. (2011) Correlations between overall cognitive dysfunction 
and depression scores not reported. 
55 Pustokhanova & Morozova (2013) Correlations between cognitive impairment and 
hypothermia were examined. 
56 Berg, Palomäki, Lehtihalmes, 
Lönnqvist, & Kaste (2003) 
Limit to memory impairment. 
57 Cobley, Thomas, Lincoln, and Walker 
(2011) 
Limit to aphasia domain. 
58 Broe et al. (1998) Mixed neurological disorders. 
59 Bartczak, Marcinowicz, & 
Kochanowski (2011) 
Full text article available in Polish. 
60 Liu, Xie, and Sun (2003) Full text article available in Chinese. 
61 Lu, Qian, Zhou, Zhu, & Shen (2005) Full text article available in Chinese. 
62 Ma, Zhang, & Peng (2005) Full text article available in Chinese. 
63 Makin, Dennis, & Wardlaw (2013) Systematic review. 
64 Ng et al. (2013) Limited to Identify factors associated with functional 
outcome 
65 Nowakowska et al. (2009) Full text article available in Polish. 
66 Rajashekaran, Pai, Thunga, & 
Unnikrishnan (2013) 
Limited to compare between post stroke and 
adjustment disorder in lesion locations. 
67 Wang et al. (2013) Full text article available in Chinese. 
68 Zhang et al. (2009) Full text article available in Chinese. 
69 M. L. Kauhanen et al. (1999) Limited to compare between non-depressive and 
depressive Patients with and without dysphasia in 
severity cognitive domains. 
70 Morris, Raphael, & Robinson (1992) Limited to examine the effect of clinical depression 
on recovery from stroke. 
71 Oder, Hufgard, Binder, Zeiler, & 
Deecke (1991) 
Full text article available in German. 
72 Schielke et al. (2005) Correlations between overall cognitive dysfunction 
and depression scores not included. 
73 Brodaty, Withall, Altendorf, & 
Sachdev (2007) 
Compared between depressed and non-depressed 
in dementia. 
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